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WASHINGTON.  D C.  20305 


3 1 1979 


MEMORANDUM  FOR  DISTRIBUTION  LIST 

SUBJECT:  SAI  Report,  "Analysis  of  Radiation  Exposure  for  Task  Force 
Warrior  Shot  SMOKY" 


1.  The  Defense  Nuclear  Agency  (DNA),  as  Department  of  Defense  (DoD) 
Executive  Agent  for  matters  relating  to  low-level  ionizing  radiation, 
is  conducting  an  extensive  review  of  the  atmospheric  nuclear  weapons 
testing  that  was  carried  out  from  1945  to  1962.  The  program,  termed 
the  Nuclear  Test  Personnel  Review  (NTPR),  will  produce  a series 

of  volumes  containing  a personnel -oriented  history  of  the  tests.  The 
NTPR  program  encompasses  detailed  research  and  retrieval  of  all  available 
information  on  who  was  there,  what  were  they  doing,  what  radiological 
safety  precautions  were  taken,  and  what  radiation  exposure  individuals 
received. 

2.  Accurate  radiation  exposure  data  are  essential  for  this  program. 

For  the  majority  of  test  participants,  film  badge  measurements  are 
available.  In  some  cases,  however,  badges  were  lost  or  unreadable,  or 
records  of  the  doses  may  not  be  available  today.  For  some  of  the  tests, 
not  all  personnel  were  badged.  DNA  is  therefore  developing  procedures  for 
estimating,  with  confidence,  the  radiation  exposures  which  DoD  personnel 
may  have  experienced  during  their  participation.  These  procedures 
involve  calculating  the  radiation  output  of  the  device  and,  through 
meteorology,  fallout  contour  plots,  measured  decay  rates,  troop  maneuver 
histories,  and  other  factual  information  available  from  records,  estimating 
group  and/or  individual  exposures. 

3.  The  attached  report  by  Science  Applications,  Inc.  (SAI),  researched 
and  written  under  contract  to  DNA,  represents  a first  attempt  to  calculate 
radiation  exposures  for  test  participants.  It  deals  with  the  600  personnel 
of  Task  Force  WARRIOR  who  participated  in  Shot  SMOKY  at  the  Nevada  Test 
Site  (NTS)  in  1957.  This  group  was  chosen  not  only  because  of  the  high 
interest  in  SMOKY,  but  also  because  virtually  complete  film  badge  data  is 
available  for  comparison  purposes.  Additionally,  the  maneuvers 
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Warrior  Shot  SMOKY" 

(and  potential  exposures)  of  Task  Force  Warrior  personnel  during 
their  5-6  weeks  at  NTS  were  particularly  complex,  making  this  an 
excellent  test  case. 

4,  DNA  believes  the  procedure  is  valid  and  useful,  and  that  this  SAI 
report  constitutes  a valuable  input  to  the  NTPR  reports  on  Operation 
PLUMBB06  and  Shot  SMOKY.  Since  it  represents  our  initial  effort. 
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IMRODUCTION  AND  SUMflARY 

The  stO' V of  Shot  SMOKY  is  moi'e  than  a chrotiolooy  of  events  on 
31  Audiist  1957.  SMOKY  pKinnirio  heoan  in  the  spritig  of  1957  and  evolved 
into  a complex  troop  operation  intended  to  test  and.  mor'e  impor tantly , 
to  demonstiate  the  ability  of  the  U.S.  Army  to  oper-ate  on  the  atomic 
battlefield.  In  late  July.  Camp  Desert  Rock.  Nevada,  became  the  "home 
away  from  home"  for  most  of  the  tr-oops  who  participated  in  the  exercises 
that  were  planned  around  the  SMOKY  even-,  scheduled  for  Id  Auqust.  The 
briefings,  orientations,  plannino,  preparations,  and  staging  were  accom- 
plished at  the  "Rock,"  over  35  miles  from  the  SM.OKY  tower  where  the  shot 
was  to  be  detonated  (see  figure  1).  The  major'  troop  element  was  Task 
Force  WARRIOR,  a reinforced  infantry  company  from  the  1st  Battle  Group, 
12th  Infantry,  4th  Infantry  Division.  Leading  up  to  the  actual  test. 

Task  ,'^orce  WARRIOR  and  supporting  units  enaaged  in  several  activities 
that  would  prepare  them  for  the  operation.  Due  to  the  shot  postponements, 
other  activities  were  added  while  some  scheduled  post-shot  activities 
were  deleted.  Contingency  planning  proved  crucial  to  the  completion  of 
the  operation. 

The  thrust  of  this  report  centers  on  the  determination  of 
Task  force  WARRIOR  radiation  exposure  from  its  activities  in  contamin- 
ated areas  of  the  Nevada  Test  Site  and  the  comparison  of  exposure  esti- 
mates with  dosimetry  data.  A discussion  of  task  force  objectives  and 
the  troop  maneuvers  planned  to  attain  them  provides  background  for  the 
events  that  transpired.  Task  force  activities  are  traced  from  rehearsals 
in  early  August  through  the  operation  on  31  August  and  follow-up  tasks 
in  order-  to  pr'ovide  the  time-dependent  position  data  required  for  an 
exposure  analysis.  Initial  and  residual  radiation  exposures  from  SMOKY 
and  preceding  shots  are  then  calculated  using  both  reasured  and  derived 
intensities.  The  synthesis  of  decay  rate  and  intensity  data  for 
fallout  fields  permits  the  dose  rate  at  any  position  and  time  to 
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be  deteriiiined.  An  uncertainty  analysis  for  all  parameters  not  only 
provides  confidence  limits  for  the  dose  estimates,  but  also  is 
necessary  for  the  correct  summation  of  the  doses  from  each  activity. 
The  free-field  dose  is  then  corrected  to  the  reading  a film  badge,  as 
worn,  would  Y'egister  in  the  same  environment.  This  involves  computer 
modeling  of  the  attenuation  and  scatter  of  radiation  in  a human, 
finally,  the  film-badge-equivalent  estimates  are  compared  with  the 
actual  data  for  the  major  periods  of  badge  issue.  These  badge  data 
are  statistically  analyzed  to  develop  the  optimal  basis  for  this  com- 
parison. 


flajor  findings  presented  in  this  report  are: 

• The  sources  of  radiation  exposure  to  Task  Force  WARRIOR 
were  primarily  the  shots  of  Operation  Plumbbob  preceding 
SnOKY  (Section  4.2). 

• Fallout  field  gamma  radiation  intensities  have  been  deter- 
mined with  improved  accuracy  for  Plumbbob  shots  through 
the  use  of  actual  intensity  data  in  conjunction  with 
measured  decay  rates.  Time-normalized  intensities  permit 
the  utilization  of  all  available  data  in  an  algorithm  to 
generate  composite  fallout  intensity  plots  (Appendices  I,  11). 

• The  total  mean  free- in-air  tissue  dose  calculated  for 
Task  Force  WARRIOR  troops  was  970  ' 270  mrem.  This  value 
is  larger  than  film  badge  readings  because  the  film  badges 
did  not  record  the  neutron  dose  from  the  initial  radiation 
of  Shot  DOPPLER  and  because  a film  badge  is  partially 
shielded  by  the  body.  The  unit  of  neutron  dose  (rem)  as 
used  in  this  report  is  not  correlated  with  specific  biolog- 
ical effects  (Section  5.3). 

• The  inean  tiim  badge  dose  as  calculated  from  the  Task  Force 
WARRIOR  integrated  exposure  was  480  ' 135  mrem  (with  90 
percent  confidence),  consistent  with  the  actual  mean  total 
film  badge  reading  of  575  mrem  as  determined  from  the  com- 
plete original  data  (Section  7). 

• The  upper  limit  for  a specific  individual's  film  badge 
dose  was  calculated  to  be  1100  mrem.  This  limit  resulted 
from  an  evaluation  of  the  differences  in  locations  and 
times  at  those  locations  for  the  individuals  making  up 
the  task  force.  This  calculated  limit  exceeds  the  highest 
recorded  film  badge  readings,  except  for  the  readings  of 

a small  group.  That  group's  film  badge  readings,  1100  • 

300  mrem  over  a short  duration,  indicate  that  the  group 
engaged  in  an  activity  separate  from  the  main  body  of 
the  task  force  (Section  7). 
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TIu'  dose  estimates  for  Task  force  WARRIOR  wt-re  ilerived, 
tor  the  most  part,  from  data  |)rovided  in  t tie  references.  Some  t -oop 
activities,  however,  are  unsuhstani  iated  or  uiworrobora  t ed  atid  were 
ttierefore  inferred  from  llio  limit('d  data,  to  estahlisli  a loqiial 
scenario.  In  spite  of  the  limited  information,  substantial  a.peement 
with  film  badcje  exposures  resulted,  fhe  draft  report  was  reviewed  bv 
tlie  Nuclear  lest  I'orsoniu'l  Review  Staff  of  t tie  Oftiie  of  f tie  iliii't  ot 
Staff,  tl.S.  Army;  ttie  assumptions  made  wine  lu'Id  to  lie  reason.ilile  and 
in  essential  aureeiiieiit  witti  standard  Army  practice.  Ifforts  are  beiiiu 
made  to  corroborate  these  assumptions  I tirouuti  interview',  witti  partici- 
pants wtio  can  be  contacted. 
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!tto  ootioral  otpiootivt*  w.is  to  tr.iin  an  intantry  hattio  oroiip  and  support  iini 
oloition's  to  oporato  on  an  atoinii  tni 1 1 1 ot  i ol d , hoth  dofonsivoly  and  ottmi- 
sivt'lv  (Ni'forotuo  ) ■ lo  moot  this  ot'Ji'ot  i v<' , t lu'  t loop  ti'st  was  dovolopod 
Witt)  sovoral  spoi  i'u'  tasts,  as  follows; 

A.  Pro()ai  a t ioti  of  a trittlo  uroup  dott'nsivt'  position  to  df'tt'r- 

iin  no  tho  t imo  roviuirt'd  to  propai'o  t lio  (losition  in  aooordaruo  with  t'\istin>i 
dottrnu',  and  tho  ottnuts  ot  an  vitomio  tnirst  on  tho  position. 

Ihis  w.is  ilt'S  iunatoil  as  I'haso  1 of  tho  troot'  tost.  Aptirov- 
imati'ly  llh  omplacomonts  wt'ro  to  tio  propais'd,  raiuiinu  tritiii 
SOO  to  bHU1  motiMs  W and  NW  ot  sMtiKY  G/  (Rotoronoo  -1). 
iquipmont  and  woapons  woro  also  to  bo  omplacod  in  sovoral 
t'ositions.  Nono  ot  tho  positions  woro  to  bo  oooin'iod  for 
tho  ti'St.  Tho  ontiro  array  was  to  bo  insnortod  boforo  tho 
shot  to  dotormino  that  tho  positions  woro  proporly  proparod, 
and  to  dooumont  thoir  condition  and  state  ot  vo^splot  ion. 

At  tor  t ht'  shot,  tho  ('os  it  ions  would  bo  insnoitod  aiiain  to 
dott'nnini'  t ht'  t'tft'cts  of  t hi’  shot,  llamaiu’  would  bo  assossoil 
tor  oach  position  to  dotormino  tho  vul  norat’i  1 i ty  of  oach 
position  as  a function  of  conf  iiiura  t ion  and  dist.inco  from  G/. 

B.  tibsorvat  ion  of  an  atomic  oxiilosion  trom  tronchos  lociitoil 

at  or  noar  tho  minimum  salt'  distance  established  bv  tho  fontinontal  Arm\ 
I'ommaiul  for  friendly  troops. 

This  task  was  not  ti>  bo  intodratod  with  other  maneuver  plans; 
thus,  sufficient  tlovibilitv  wouKI  bo  maintained  to  atcomnui- 
ilato  ctiainios  in  stiot  schotlulos  or  prt’ilictod  fallout  ('attorns. 

C.  llol  icoi'tor  movomont  of  a landinu  force  to  an  ob.ioctivo  art'a 
and  subsi'i)uont  dround  assault  of  a final  ob.ioctivo  immodiatolv  followind 
tho  omplovmont  of  a nuclear  weapon  (I'haso  11  ot  (ho  trt'0('  tost). 
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lo  priu  lilt'  ti'i'  uiiiuu'.  tiillout  font  Miqt'iK  U's  , two  pKiiis 
vet'l  l'  prcp.i ri'i.1 , t’.u  h n 1 1 h two  .1 1 1 orn.i 1 1'  obioitivo  ai'oas 
{Koti'i'oik  t’  (>).  Lull  pl>ui  prov  ilk'll  lor  i ho  assaull  troops 
to  witiu's'.  tht’  shot  troni  an  ohsorv.it  ion  t'o  n : hnatotl 
'•Ot'il- 1 i ,Otkl  motors  tioiii  groanil  .’oro.  to  lo.i.l  into  tioli- 
iO(ttors  tor  .iirlitt  to  .01  ohjootivt'  .1  roa  .ihoiit  h()ntl-(it)i)l) 
motor',  from  ll.’ , to  soilin'  an  .lirho.iil,  .iiul  l.isllv  to  oon- 
iliii  t .1  iirouiiil  .issanlt  on  ,1  final  ohjoi  t ivo  about  .'lilltl 
motors  from  tho  .nrtu'ail.  lor  I’lan  * ho  troop  ohsorvalion 
point  was  in  tho  virinitv  of  rialloon  Hill  (rooril.  t't'ilD.'i? ) 

.iiul  tho  hoi  i I'Oi't  I'r  lo.ulitni  .in'.i  w.is  .SOO  motors  t.irthor  oast 
.It  lOpiil  in.itt's  I'l.'i'M.S') , lor  I’l.in  R.  tho  troop  obsorv.i  t 1 on 
point  was  .iiioss  Vuooa  Mat,  north  of  Synoliiu'  Kiilno  .it 
I'ooi'il  i n.i tos  7h70,M,  .iiul  tho  lu'l  ii  optor  loailiiul  .iro.i  w.is 
I'OOtl  iiu'tors  to  tho  southwost  at  7,lt10.i‘'.  lor  both  plair,, 
tho  (irimarv  objoot  ivo  aroa  was  noar  Whitorork  Sprinn,  .iboiit 
bOtlO  iiiott'rs  W of  SMOM  ll.’.  Iho  al  tomato  obji'ctivo  .in'.i , 
to  bo  iisoil  if  till'  iliroition  ot  SMt'kV  tallout  w.is  to  tho 
north  or  wost,  w.is  in  t lit'  Rhvi'litt'  Hills,  atioiil  inKHl  motors 
N1  ot  SMt'kV  b.' . liiiuro  ilo(Mots  tho  iionor.il  srhoiiii'  01  tlio 
air  1110  voiiion  t . H I t iiii.i  to  I y , bot.uiso  ot  ovtu’otoil  tallout  pat  to 
I’l.in  R was  usod  to  ot'st'rvo  ttu'  shot  and  to  lo.vd  holiiotitors 
for  airlift  to  tho  primarv  objoitivo  iro.i.  Iiirlhor  .lot.iiloil 
ilisoussion  iif  tht'  .lotual  troof'  m.inouvi'r  will  bt'  ooiitiiiod  to 
ttu  soon.iriti  built  .irouiul  IM.ui  R.  Howovt'i  , it  o.in  bt’  ro.ison 
.itilv  assuiiii'd  th.it  all  tour  v.inations  wt'it'  roht'arst'd ; hi'iui', 
somo  discussion  of  I ht'St'  .u  ' \ fit's  is  .ippn>priato  (Soction  , 

n.  Ho  1 i copt  or  ri'-supplv  M';- .'  Ill  tit  | ho  tt'St'  of  t In'  t.isk 
forci'  prt'viously  l.indt'd. 


Sut'pl  it’s  would  I'o  p.ikoil  up  troiii  .in  .lon.il  supplv  distri- 
bution point,  .’ll  mil.'-  ' i’  tho  '-outti  no.ir  Mow'.  Nob,  .ind 
ilolivoroii  to  tho  airhead. 


I'lHlK  IkOiM’  riANs 


.iluiiu'il  With  !(u‘  '.isk  liMvi'  UAKIvlOK  pl.iTi  isas  tht'  Human 
f\<‘M'vU\  H Ottun  ^tlumKKO'  t ' I'l'p  ti’st  'm  la-.k  I I'la  c lUil  l!AN(i, 
Ihis  tt'st  t'i'o\  uit'il  lor  a oroui'  i>t  ai'pi  o\ iiiia  to)  \ li’O  -.olvliois  i rpm  i lu> 
H.'nH  AntioiMi'  Pivi'.ion  to  ot'MM\o  ‘Hu't  . t tio  n tirst  nin  loai  o\pK' 

Sion,  from  tri'uolios  lokatoil  -llOO  motors  t rom  vp  ounH  .•oro.  ImmoHi.itolv 
tHoroattiM  tMo\  wi'ro  to  I'oifoim  lort.mi  t.isks.  iniliulino  rilK'  ilis.issoiii 
t'lv  aiul  rtMssomt'l  \ . riio  otiun  trov'ps  I't  t tio  t.isk  Unao  inouIiI  ait  as 
assist. lilts  to  t ho  HuiiiKRO  monitors.  In  .uMition.  t ho  tost  t '-oops  wouKI 
i|ii  throuoli  .III  inlilti.ition  lOurst'  in  whuh  thov  woiil.t  run  .uul  vi.usl 
o\or  totr.nn  oontainuui  Iwihod  isiro  obstavlos.  Itio  loioso  woulH  I'o 
m.irki'il  .IS  r.i.lio.u  t i\o  .uul  I'oivoivoil  l'\  t ho  troops  to  ho  i .'ii  t .im  i n.i  t tsl . 
All  t.isks  would  ho  t iiiitsi  .uul  o\.ilu.itovl  tor  lOiiip.i'ison  with  I lu'  pro  slu't 
I'or  torm.nuo  ot  t ho  s.imo  l.isks. 

Ilu'  ontiro  tost  w.is  lontiiuiont  upon  t ho  ostuution  oi  I'l.in  A In 
l.isk  loroo  WAKRUHs.  It  o\pt'i  tiul  Ml  lout  i on  t.imi  n.i  I i on  toiaod  tho  .uloi' 
t ion  I'f  I' I. in  H,  tho  oont .im i na  t ion  would  also  nooato  tiu'  uso  oi  t lu' 
sMtlk^  tri'Mohos  and  tho  iiit  i 1 1 r.it  ion  lOurso.  U 1 1 iiii.it  I'l  \ . l.isk  I oroo 
WARRIOR  ohsorvod  t roiii  tho  I’l. in  h loi.itii'n.  whili'  l.isk  1 Oia  o hU> 

llAWt'i  ohsoiAod  I rom  Wows  NiiP  (Rotoi  tnui'  1 ho  SM0k>  t la'iu  hos  woiu' 

not  us('d.  1 ho  HumRRO  tosts  woro  modifio.l  .ind  oon.Uu  ti'd  l.ili'r  in  oon 
.tuiK'tion  with  tho  ilAllllO  shot.  A lonn'loto  dosoription  and  .iii.iKsis 
ot  tho  HumRRO  tost  is  pro\  idtsl  in  tho  IIAIIIIO  rt'port  ^Ri'Iimoiko 

.'.h  I'Rl-SHOl  Ol'lRAllONk 

O.h.l  I'ro.ioot  hO  . I - In  taut  I A 1 roop  lost 

Iho  propara t uni  ot  .i('proMm.i t o U llh  dolonsivo  I'osilii'iis  ^l'll.ls^' 
1 ot  tho  troop  tost''  was  .uu  oiiip  1 I sIuhI  on  1.'  .uul  M Auniist.  Ihis  was 
in  .uooi'd.uu  0 with  tho  sohodulod  shot  d.ito  ot  I'l  Aiuiust  . Iho  prop.irisl 
positions  woro  inspootod  on  lA  Auoust  . .it  whuh  I imo  oommun  u .i  t unis 
oi|uipmonl  .uul  wo.ipons  woro  inst.illod  in  .ind  .iround  tho  positions. 

I inuro  I shows  tho  loo.iMons  ot  I host'  positions,  r.uuiinii  trom  ts'O  to 
.itunit  l.'lhO  motors  to  tho  wost  .uul  north  ot  ipound  .’oro.  Rotoroiuo 


s'ati's  that  a total  of  hours  was  ilovotoi.1  to  iliimiiu)  tho  (lositioiis, 
afivl  ttiat  ottlv  haoil  tools  wt'ro  usoil.  Rocauso  tho  soil  was  nulto  rocky, 
as  cat)  bo  ■ ooii  iti  Mquro  4,  t tio  ovorall  comi'lotioti  ot  tho  array  was  oti 
ttio  orilor  of  only  bO  porcotit  (Rotorofico  4).  1 ho  it'forottco  doscrihos 

tho  (.luiqiiui  as  difficult,  and  t tu'  prooross  as  slow.  Itio  rofort'uco  also 
noMt  iiHis  ttiat  a "small  quantity  ot  saiidhaqs  woro  (sic)  usod."  Two  of 

tlio  ('OS  it  ions  inado  uso  of  sandt'aqs,  as  sliown  tor  t'osition  “Sr  in 

I i qu  10  4 . 

Bocauso  ('icks  and  stiovols  woro  usod  for  diqqinq,  many  of  tho 
larqo  'vcks  could  havo  boon  rt'iiiovod  from  tho  omplacomont  only  by  hand. 
Moroovor,  tho  lai'qor  rocks  in  tho  s('oil  would  havo  roquirod  romoval  by 
hand  in  oi'dor  to  uso  tho  matorial  to  fill  api'roximatol  v hO  sandbaqs. 

Basod  on  tho  abovo,  it  is  roasonablo  to  concludo  that  tho 
total  t imo  -.pont  in  tho  Pliaso  I dofonsivo  aroa  was  ai'proximaf  ol  v 1.' 
hours,  7V  of  whii.ti  woro  s|'ont  in  actual  diiminq  ovor  a two-da\  t'oriod, 
whilo  t tio  lomaindor  ot  tho  timo  was  si'ont  in  niuvinq  to  and  from  t tio 

transport  vohiclos  (TO  iiiinutos  oach  way  f'om  and  to  a contral  vohiclo 

parkinq  aroa)  and  for  inspoction  and  installation  of  commun i ca t i ons 
oqui['mont  on  tho  third  day  (I'.-  hours,  I'lus  TO  minutos  oach  wav  for 
movomont  to'troiii  t tio  transport  vohii.los). 

Othor  oporations  which  would  havo  procodod  tho  actual  manouvor 
most  cortaihlv  includod  sovoral  practice  oxorcisos  and  torrain  f.iniiliari- 
.Mtion  oxo'cisos,  at  least  one  of  wliich  would  havo  includod  tho  ontiro 
task  force.  Tho  likelihood  of  such  practice  is  apparent  when  tho  antici- 
pated press  covoraqo  of  tho  event  is  consido»'od.  The  week  of  5-h  Auqust 
was  available  for  vohoai'Sinq.  tb-ior  to  that  timo,  the  task  force  received 
tiaininq  at  Cam|'  Oosort  Rock.  In  tho  week  before  the  scheduled  -'hot  date 
(Id  Auqust).  rehearsals  woro  precluded  by  tho  I'hasv  I activities  and 
('lannod  holicoptoi'  maintenance  (Roforoncos  T and  41. 

Roforonco  4 states  that  tho  task  force  participated  in  four 
rehearsals  of  alternate  plans  for  tho  exorcise.  I i-oni  this  it  can  bo 
interred  that  both  Plan  A and  Plan  B woro  rehearsed  for  both  tho  primary 
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>uu1  tih'  alti'inatf  ohjoitivo  at\>as.  Miiin't'S  ‘a  aiu!  o stunv  hcl  i coi'l or 
I I'oop  laiuiinu  o\otc  i SOS  toiuluctod  on  f>  August  1-1^,  . .hoso  piLtuios 
wooo  taken  at  laiulinii  •otio  10)0  (nHoilinatos  'Alcol)  1 ^ilul  iiootti  and 
vv'^t.  t ospoi.  1 1 vol  V . It  is  tluis  foasonat'lo  to  oonr  1 . to  ttsit  ttie  task 
Nm'co  eondiktod  a full-scale  inactice  on  i'  Auuust  ;n  '.tie  Ucinitv  ot 
t no  piimaoy  objective  aiaM.  Usinu  t)it'  actual  iiMneuvo*'  scenai  io  in 
Uetets'nce  -I  to  deteoinine  the  time  oeouiced  to  aic-land  tfu’  ontioe  task 
toi'co  (approx  imatolv  one  liouc),  it  tan  be  concluiled  ttiat  the  task  toico 
occapiod  tbe  poimarv  objective  area,  where  it  rehearsed  tlie  airlandimi 
and  conducted  a nil  1-scale  field  exercise  ot  the  ip  ound  assault  maneuver, 
tor  a('p>  0 X ima  1 1’ 1 V tour  lioiirs  on  b Auoust  , and  aoain  one  citiier  dav  in  ttio 
week  b-'t  Auous;.  It  wo.ild  nold  that  ttio  task  force  occupied  tiie  .ilto'- 
nato  objective  area  in  tne  Rliyolito  Hills,  wliere  onlv  the  airlandimi 
portion  ot  ttio  exercise  would  have  been  reliearsed,  lot  approximate  l> 
two  hours  on  oacti  ot  two  other  davs  that  week.  T)u‘  stay  times  were 
based  on  the  shot  dav  scenario  duration  of  some  three  hours.  Less 
ectiMisivt'  rotuMrsiiKi  wouli.1  have  .suffiied  at  the  .iltt'rnate  objective 
area,  wnere  K'ss  nows  covt'raoe  w.is  ant  ic  ipatoil . 

? . 5 . J 0 1 her  (’r_e-_Stun__Oj'e txij  u^s 

All  pre-shot  operations  were  com  ludod  by  In  Auuust  . ttui  tridav 
bi'tore  the  scheduled  Monday  shot  date  ot  U'  Auuust.  sts'iv.v  ftien 

postponed  to  a date  at  least  ton  days  subseouent  to  S'lAsIA.  tired  on 
IS  Auoust.  Iho  delay  ilid  not  attord  the  ooportunitv  for  anv  meanimiful 
operations  in  ttie  torward  area,  however.  Additional  rotitsirsals  in  the 
northern  sector  ot  Yucca  i lat  would  hav  ■ tn'en  sovecsj'v  restricted  by 
the  tallout  tmnn  SM.ASTA.  On  ?.l  Am:  , the  task  force  witnessed  Shot 

DOl’Pl  I K trom  trenctu'S,  but  no  tre.  euvers  we-  o i.,'nducted  in  eon- 
junct  ion  with  anv  other  shot.  1 (u  t • oops  had  observed  othe'  shots  f • om 
Nows  Nob,  incUidimi  STOklS  on  m.’ust  (as  ovidoncod  bv  l^.S.  Armv  ohoto- 
araphs).  in  Mkolv  coordMt.i' utr  .%!th  a rt'hoarsal. 
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2.f'  SHOT  SCE'iAHTO  (References  3 and  4) 

After  several  postponements,  SMOKY  was  fired  at  0S30  on  31 
Aunust  1957.  Due  to  the  expected  fallout  direction.  Task  -.rce  WARRIOR 
and  observers  witnessed  the  snot  from  the  vicinity  of  coordinates  757044, 
approx ima fely  7.5  miles  SSW  of  ground  zero,  in  accordance  with  exercise 
Plan  B.  The  main  body  of  troops  had  left  Camp  Desert  Rock  by  0100  hours 
and  weie  in  the  observer  area  by  0330.  During  this  pre-shot  period. 

Pathfinders  and  all  helicopters  were  positioned  in  the  helicopter  assembly 
area  on  the  south  side  of  the  saddle  between  Yucca  Flat  and  Frenchman  Flat, 
approximately  20  miles  south  of  GZ  and  about  two  miles  south  of  Hews  Hob. 

Task  Force  BIG  BAMG,  consisting  of  the  Provisional  Company  of  the  82nd 
Airborne  Division,  observed  the  shot  from  News  Nob. 

After  the  shot,  the  Pathfinders  boarded  the  helicopters  for  air- 
lift to  the  primary  objective  area.  Radiologica’  safety  (Rad-safe) 
personnel  accompanied  the  Pathfinders,  arriving  at  landing  zone  (LZ) 

ECHO  at  0617,  approximately  5000  meters  WNW  of  GZ  (see  Figure  2). 

From  the  landing  zone,  the  Pathfinders  and  accompanying  Rad-safe  personnel 
fanned  out  to  sweep  the  landing  zone.  Within  12  minutes,  the  sweep  was 
complete  and  the  airhead  area  was  declared  safe  (radiation  intensity 
less  than  100  mr/hr)  for  the  landing  of  TF  WARRIOR. 

During  this  period,  the  task  force  personnel  boarded  their  vehicles 
and  moved  to  the  helicopter  loading  area,  some  2000  meters  SW,  where  they 
met  the  aircraft  as  they  arrived  from  the  helicopter  assembly  area.  The 

first  serial,  consisting  of  the  2nd  Platoon,  loaded  and  departed,  arriving  . 

at  LZ  ECHO  at  0715.  Upon  landing,  the  platoon  immediately  secured  the 
high  ground  (Elev.  5055  ft)  of  Objective  P4,  where  it  then  prepared  for 
the  final  ground  assault  on  Objective  2B,  a shoulder  of  Quartzite  Ridge. 

At  objective  P4,  the  platoon  was  approximately  4100  meters  (2.5  miles) 
west  of  SMOKY  GZ. 

The  second  serial,  consisting  of  the  3 Platoon,  landed  at  0716, 
one  minute  after  the  first  serial.  It  secured  the  high  ground  (Elev. 

5303  ft)  of  Obiective  P3  at  0740,  where  it  then  prepared  for  the  final  f 

! 


ground  assault  on  Objective  2A,  the  southern  end  of  Quartzite  Ridge. 

At  Objective  P3,  the  platoon  was  approximately  4700  meters  (2.9  miles) 
northwest  of  ground  zero. 

Both  the  2nd  and  3rd  Platoons  remained  on  Objectives  P4  and  P3 
until  they  were  relieved  by  the  4th  Platoon.  The  platoons  then  began 
the  ground  assault  of  Objective  2. 

The  third  serial,  consisting  of  the  1st  Platoon,  arrived  at  the 
airhead  at  0718.  It  landed  in  two  elements  on  high  ground  of  Objective 
P2,  overlooking  Whiterock  Spring,  at  the  approximate  elevation  of  5100 
feet,  and  the  high  ground  of  Objective  PI,  1200  meters  to  the  south, 
at  elevation  4955  feet.  The  platoon  remained  at  these  locations,  5200- 
5600  meters  west  of  ground  zero,  until  exercise  termination  at  0945. 

The  fourth  serial,  the  Weapons  Platoon,  arrived  at  LZ  ECHO  in 
two  increments.  The  first  increment  landed  at  0723  and  the  second  incre- 
ment landed  at  0732.  It  may  have  moved  slightly  eastward  after  landing 
to  support  the  assault  of  Objective  2,  but  likely  remained  in  the  general 
vicinity  of  LZ  ECHO,  4600  meters  from  ground  zero,  until  exercise 
termination. 

The  Canadian  Army  Platoon  arrived  in  the  fifth  serial.  It  landed 
on  LZ  HOTEL  at  0740,  6000  meters  HNU  of  ground  zero.  It  then  occupied 
Objective  QUEEN,  about  500  meters  to  the  north,  and  the  reconnaissance 
and  security  (R&S)  positions  on  or  near  Twin  Peaks,  1000-1500  meters 
to  the  north,  at  0800.  It  remained  in  these  positions,  6000-6600  meters 
NW  of  ground  zero,  until  exercise  termination. 

The  sixth  serial,  consisting  of  the  Reconnaissance  Platoon,  an 
engineer  squad,  and  Patrols  #6  and  <*7,  landed  some  elements  on  or  near 
the  road  west  of  Whiterock  Spring  at  0745.  These  units  secured  the  road 
and  occupied  two  southern  R&S  points  overlooking  the  road,  6500  meters 
west  of  ground  zero,  until  exercise  termination. 

The  seventh  serial,  consisting  of  the  4th  Platoon  and  the  medi- 
cal detachment,  landed  at  LZ  ECHO  at  0746.  The  medical  detachment  may 
have  remained  in  this  vicinity,  while  the  4th  Platoon  split  into  two 
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segments  to  relieve  the  3rd  Platoon  on  Objective  P3  and  the  2nd  Pla- 
toon on  Objective  P4.  The  relief  was  complete  by  0818.  The  platoon 
remained  at  these  positions  while  the  2nd  and  3rd  Platoons  assaulted 
Objective  2 on  Quartzite  Ridge. 

The  eighth  serial,  the  Mortar  Platoon,  arrived  at  LZ  ECHO  at 
0757.  Three  aircraft  from  this  serial  did  not  arrive  until  0815,  having 
landed  initially  at  LZ  HOTEL.  It  is  unlikely  that  this  platoon  moved 
any  significant  distance  from  the  landing  site.  Rather,  it  probably 
remained  in  the  general  vicinity  of  task  force  headquarters  near  LZ 
ECHO,  where  it  emplaced  its  4.2"  mortars  for  the  general  support  of 
the  final  assault  on  Objective  2. 

The  ninth  and  last  serial  brought  in  the  task  force  headquarters 
and  the  communications  detachment.  It  landed  at  ECHO  at  0814.  Task 
force  operations  were  controlled  from  this  command  post,  established 
on  the  northern  side  of  the  landing  zone,  5000  meters  from  ground  zero, 
until  exercise  termination  at  0945. 

It  should  be  noted  that  several  VIP  observers  were  with  TF 
WARRIOR  at  shot  time  and  fiew  to  the  objective  area  early  in  the  air- 
lift to  observe  the  landing  operations  and  the  securing  of  the  airhead. 
Figures  7 and  8 show  the  observer  area  as  being  established  near 
Objective  PI,  where  subsequent  operations  in  LZ  ECHO  could  be  observed. 
Although  there  is  no  documentation  to  verify  their  arrival  or  their 
stay  in  the  objective  area,  as  many  as  40  VIP  observers  may  have 
observed  the  entire  operation  from  this  point,  arriving  with  the  first 
serial  at  0715  and  departing  after  exercise  termination. 

The  final  assault  on  Quartzite  Ridge  (Objective  2)  began  at 
0830  after  the  4th  Platoon  relieved  the  2nd  and  3rd  Platoons  on  Objec- 
tives P4  and  P3,  respectively.  The  assault  would  have  taken  the  pla- 
toons on  a northeast  azimuth  that  would  have  been  no  closer  than  3500 
meters  to  ground  zero  for  the  2nd  Platoon,  and  4500  meters  for  the 
3rd  Platoon.  The  references  state  that  the  assault  was  halted  at 
0915  by  the  authority  of  accompanying  rad-safe  personnel  before  the 
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(jt).icc  t i vt.'  was  fully  seuiu't'd.  The  uxtiuif  of  fallout  ;iat ! oon', , lu.'wovi’!' . 
(I  i iiufo  1-9)  iiklii'atos  (hat  liid-safc  ci  itiM  ioii  stuiuld  not  havo  Ixm'ii  a 
factur  ill  iialfiiu;  (ho  advaiico.  if  tlio  I'atii  o'  'hi'  a.'aull  was  as 

('1  innod.  Bocauso  (.he  plaunod  path  of  diioct  assaul*  , .Jil  uavo  onooun- 

t.'iL'd  soiMo  vi'i'v  stool’  slopos,  t ho  assault  mav  havo  '■•viatod  to  t tio 
south  and  oast.  Tin's  oxcursion  oould  havo  lod  : ho  . i ■.!  I'laloon  'oward 
tho  SMDKY  fallout  field  whoro  fosidual  radiation  levels  '-ero  suttirient 

to  cause  rad-safo  to  tia  1 1 tho  attack.  Iho  s i on  i t u .inro  of  this  is 

discussed  in  Section  h.T.l. 

limned  ’ a to  1 V after  ( isinsiiort  iiu)  the  task  foi'ce  to  the  otj,ioctivo 
area,  the  ll-.M  iiol  icoptors  enuaiied  in  an  aerial  resuppU  mission  from 
tho  aerial  supply  d i s t r i luit  i on  point  to  tho  ob.jor't  ivo  aiea.  Ihroo 
sliiui  loads,  total  iiui  about  2'.-  tons  of  water  and  siimilatod  ammunition, 
were  delivered  tietween  ()7b7  iind  OSIB  hours  on  an  .uitomatic  basis,  '^n 
adilitional  six  tons  wore  delivered  at  the  reouost  of  the  task  force 
coiiiiiirinder  between  0H.'’9  and  0940,  at  which  time  .ill  roquosts  tia-  addi- 
tional supplies  were  denied  in  .int  ic  ifiat  ion  of  tlie  toniiiiMfion  of  the 
exercise. 

The  exercise  terminated  at  0945  on  order  of  the  battle  oroup 
commander.  Althouqh  there  is  no  documentation  of  tho  pc-- 1 - 1 ermi  na  t lor 
activities,  the  troons  likely  returned  to  the  same  points  at  whuh  tlu'v 
were  landed.  Return  to  O.imp  Oosert  Rork  could  havo  been  heliiopter 
to  the  truck  loadinq  area  near  the  ol'serv.i t i on  poin'.  or  tho  trucks 
could  havo  been  broupht  up  to  the  landino  ,70110.  In  oitiu'r  c.ise,  the 
VIF’  observers  could  have  been  evacuated  by  helicopter  while  tho  m.iin 
elements  of  the  task  force  reassombli  ‘ in  L/  Till^'  .md  L/  llOlll.  Most 
of  the  task  could  have  been  evaic''  ■!  oy  llOd  hou'...  It  is  likelv  tha' 
the  headc|uarters , commo  iltM  achin'  ■ .1  medii.il  oot.ichment  romaine.i 
at  [./  LCHO  until  the  ^nd  and  .bd  1 l.itoons  >'eturnod  from  iH'.ie.tive  . 
Their' return  was  probably  be'w  or  i lOd  and  1115.  a‘  whi.h  time  mu'-to'' 


and  ei|u  i piiient  inventory  would  have  been  conducted.  Ttie  entire  area 
could  tuive  been  evacuated  by  1130  hours,  althouqli  some  of  the  supplies 
and  slings  may  have  been  left  for  subseguent  recovery  on  1)^1. 

3.7  I’OST  n-OAY  OPERATIONS 

On  OM,  a recovery  party  consist  iny  of  Camp  Desert  Rock  i)ersonnel 
and  tielico()ter  battalion  persontiel  flew  into  the  objective  area  for  the 
purpose  of  obtaining  the  slings  and  water  cans  that  had  been  delivered 
to  ttie  task  force  during  Phase  III  of  the  troof)  exercise.  Tin’s  effort 
would  have  required  three  helicopters  and  their  crews,  (ilus  about  15 
troops,  to  search  the  objective  area,  to  load  the  slings,  and  to  accom- 
plish the  hook-up.  A()proximatel v three  hours  would  have  beeti  devoted 
to  this  exercise,  two  of  wltich  would  have  been  in  the  objective  area. 

A necessary  element  ot  the  exercise  was  the  inspection  of  the 
Phase  I defensive  positions  to  determine  the  effects  ot  the  shot.  This 
inspection  was  scheduled  for  D-Day  or  D+1  (Reference  4).  There  is  no 
time  or  date  record  of  this  activity.  Because  of  the  possible  high 
levels  of  contamination  on  these  [>ositions,  a minimum  one-dav  delav 
would  have  been  required  to  peniii  t the  fallout  contamination  to  decay  to 
safe  levels.  On  SMOKY  D+2,  Siiot  OALllEO  was  fired.  Its  northerly 
fallout  would  have  restricted  movement  in  the  northern  sector  of  Yucca 
flat  on  2 September.  Film  badcies  were  turned  in  on  2 September.  Hence, 
inspection  of  the  defensive  positions  is  assumed  to  have  occurred  on 
1 September.  The  inspect itin  party,  consisting  of  selected  personnel  from 
Task  force  WARRIOR,  likely  flew  to  the  general  area  by  helicopter  atid 
remained  on  the  ground  for  aoprox  imately  two  hours  to  record  the  damage 
to  the  positions  and  to  recover  weapotis  and  equipment.  Two  hel  ico()ters 
and  about  15  personnel  would  have  been  necessary  for  this  effort. 
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INITIAL  KAIUATION 

T.l  SMOK'i  INITIAl  RAITIATION 

I'tHauso  ttu'  expoctt'd  fallmit  ntv  I'ss  1 1 a U*d  t (if  I'M’iut  loii  of  I'lati 
B,  no  obsorvors  wore  in  tfu'  SMOkV  tnoncfu’s.  Ot'SiM\ors  ton  i’lan  A would 
havo  oonsislod  of  ttu'  I'fiu  i . ion.i  I (.Nniipati  v , .v’nd  Ainborno  .''ivision 
(Tf  BK'i  BANl'i),  plus  appiox  iira  t o 1 v BO  Vl!'  obsoivors.  lor  Plat\  B,  11  BIB 
BANCi  witiK'SSod  the  SMOkf  ovont  from  Nows  Nob  wti  i 1 o t ho  \,  11’  obsiMvi'ts 
witnossod  fi'Oin  tho  II  NAInKIHR  aroa,  appi-ox  iina  t o 1 v oiuht  inilos  from 
around  ’oro.  Tho  limit  of  1 roontoon  oyposurt'  oxtondod  to  li'ss  than 
two  milos  (Ref'orotu'o  7).  Ihus,  no  initial  rad’ation.  do'inod  as  that 
radiiition  ocourritui  within  tho  first  iiiinuto  attor  burst,  ivas  roioivod 
by  any  of  tho  partioipants  in  tho  SMOkY  ovont. 

,1..'  nOI’l'ilR  INlllAl  KAlUAllON 

Noithor  obsorvation  of  SMOkY  . nor  of  otho'  Plumbbob  shots  from 
Nows  Nob,  rosultod  in  avorual  of  initial  radiation  oxposuro.  Howovor, 
on  P.l  Auoust,  Task  I orpo  WARRIOR  obsorvod  Shot  DOPPl  1 R from  a tronoh 
systom  oonst  rui'tod  on  a lino  normal  to  a radius  from  ijrouint  .-oro  at 
hor  i,:ontii  I raiuios  In'twoon  OtUTO  and  .'’^00  motors.  I iaurt'  a shows  tho 
shot  aroa  as  woll  as  tho  tronoh  aroa  usod  bv  t lu'  troops.  Porsonnol 
of  Task  I oroo  WARRIOR  woro  oxposod  to  both  noutron  and  namia  initi.il 
radiation.  This  oocurrod  in  spito  of  tho  protoot  ion  affordod  bv  tiio 
troholios  and  was  duo  primarily  to  tlu'  soattorino  of  t lio  radiatiim  in 
tho  air  abovo  tho  tronohos. 
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Lstimation  of  (U’lsonnol  (’vposur('  in  tho  tromh  systom  has  t't'on  ^ 

accomplishod  in  two  parts.  I m-st  . t hi'  intonsitv  and  aiuiular  and 

onor()y-d  i f foront  ia  1 oharaolor  vif  tho  ni'utron  and  namma  r.idiation  j 

immodiatolv  abovo  tho  tronoh  svstom  woro  dotorminod.  Sooond,  tho  | 

I 

radiation  fiold  abovo  tho  t’onoli  svstt'm  was  usod  as  a souroo  to  dotor-  I 

mino  tho  oxposuro  within  fho  tronohos  thomsolvos. 


^ht‘  tnai.ictt'f  lit  tt)o  arii<  iia''ii!ia  i.nliatii'ii  tif]ils  [no- 

iliii  I'll  hv  shot  'I'l’l’l  [ !'.  wa-,  aftinti'il  I’v  the  followntu  pai  ameteis ; 


['last  field 

11  kt 

Heiipit  of  burst 

4b’  111 

Delta  [location  (07-’ieiun) 

JO  III 

[ f f ei t 1 ve  Ai r Dens i t v 

1 . Ot'O  » 

10  g cc 

(Ref ei e 

tue  ■>.  .-4) 

Hydro. len  Content  ot  ['>c  Area 

Tio  i 1 

1.00  X 

[0  ’ atom 

(Ref  e- e 

ni.‘  .’b) 

Humidity  (Relative) 

40  at 

(Reference  Jf'l 

Railiatiod  field  intettsitv  and  ethee  cha » ai  t ee  i s t ii  s weie  dete'H'ined 
troiii  tfiese  parameters  for  a loiatiun  immediately  at'int>  ttu'  trenytit's. 
us  i mj  measured  radiation  fluetue  and  dose  data  (Reteri'tke  . o'  atul 
the  computer  codes  ATI\4  (Keferetue  .’01  and  ATK-l.l  (Kefereme  .'nl. 

These  codes  are  data  handl itui  routines  which  contain  the  results  of 
state-of-the-art  ca  1 1 u 1 a t iotis  of  neutron  and  iiamma  r.u  transport 
through  infinite  homooeneous  dry  air.  They  also  contain  factors  tor 
the  adjustment  of  inteural  quantities,  such  as  free-in-ai’-  tissue  dose*, 
to  correct  for  the  presence  of  the  uround.  tlritcner  et  al.  (Reference  ' 
have  shown  that  the  qround's  hvdrouen  content  tias  a significant  effect  on 
the  propagation  of  neutron  and  neut  ron- i nduced  iianina  free-in-air  dose. 

The  data  base  used  to  prepare  the  oround  correction  tactors  for  ATR4 
has  been  generated  using  the  iivdrouen  content  of  aceraue  \e\ada  soil 
(9.77  X aiom/b-cm1,  which  is  yery  similar  to  that  ot  Area 

Therefore,  ATR4  was  used  to  calculate  the  neutron  and  neut ron- i nduced 
dose  compofients  for  nOl'PIER.  An  adjustment  for  the  small  remainimi 
difference  in  soil  hydrogen  content  was  made  according  to  the  method 
and  data  presented  by  llrit/ner,  et  al.  (Reference  J7l.  No  similar 


* The  term  free-in-air  (llA)  tissue  dose  refers  to  the  amount  ot  eneruy 
absorption  (in  rads)  in  a small  sample  of  tissue  located  at  the  point 
of  interest.  One  rad  is  the  deposition  of  100  eros  of  energy  in  one 
gram  of  ttie  material  of  interest  (tissue  in  this  case). 


compotutium  exists  tor  ailjostiiii)  transportetl  rieutron  tree- ifi-a  i r dose 
values  tor  variations  it)  relative  humidity.  Oinission  ot  such  adjust- 
ment will  cause  AIK4  to  overpredict  such  dose  values  to  an  undetenni ned . 
hut  prohahly  small  deoree.  I'rontpt  oamiDa  ray  and  debris  ganiiia  ray 
tields  are  t)ot  sensitive  to  soil  hydrogen  content.  Tiiei'efore,  ATK4.1, 
which  coittains  fully  energy  difterential  qrouttd  correction  factors 
calculated  tor  drier  ground  (1.75  x 10  ^ atom/b-cm  hydrotienl.  was 
used  to  calculate  these  componettts. 

Calculated  neut)'on  and  ganina  ray  integral  intensitn'S 
tor  Shot  norbLig  are  shown  "t  Figure  10.  along  with  the  results  ot 
noutron  and  gaiiina  i-ay  field  measui’ements  made  at  that  event.  Qualita- 
tively, the  agreement  between  calculated  and  measured  values  is  guite 
good,  [n  particula)'  the  slopes  of  calculated  and  measured  neuti'on  llA 
dose  values  aie  well  matched,  indicating  that  the  source  spectra  and 
giound  hydrogen  content  used  in  the  c.alculation  are  ai'propi  late. 

However,  the  calculated  neuti'on  tIA  dose  consistently  exceeds  tlie 
measured  value  by  approximately  .^5  . Since  the  probable  unctMtaintv 
in  the  total  neution  output  of  the  device  as  used  in  the  calculation 
probably  exceeds  ttiat  of  the  tluetice  field  nteasureiDent  s , a best  esti- 
iiiiite  of  the  1 lA  dose  distribution  fo)'  Shot  DOPPLIK  has  been  obtained 
by  t\orma  1 I z iftg  the  talculated  neutrot)  and  neu  t ron- i tiduced  gamma  ra> 

1 lA  dose  using  the  rx'utron  FIA  dose  values  as  inti'rpreted  trixn  tt)e 
measured  tluences.  The  best  estimate  values  aie  shown  in  lii)u‘e  11. 
Both  ttie  gamniti  ray  and  neutron  calculated  I lA  dose  values  aoree  V(’rv 
well  with  the  measured  data.  The  good  agreement  between  measu)ed  and 
calculated  gamma  ray  f lA  dose  lends  extra  credenvo  to  'he  adjustment 
of  neutron  values. 

The  fully  adjusted  calcul.tted  values  for  t lA  dose  1 mete» 
above  the  trench  locat ions  aie  shown  in  ttie  following  table. 
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As  ii  check  oil  the  iieiitioti  values  the  I'leasuiea  neutren  flueiices  weee 
extiaoolateil  usiiui  a seiin-loa  fu  to  the  c'  tluence.  The  Jose  obtained 
hv  the  approx  1 nia  1 1 (.III  is  .Jhi  raJ.  ivhich  is  in  'lood  aiireeuient  with  the 
calculated  value.  The  calculated  value  has  been  chosen  as  the  TIA 
dose  ot  record  because  it  s considered  to  be  ti'e  ’esult  ot  a more 
phyx  ica  1 1 V realistic  met’  J of  ext  rapolat  ion  than  ttie  simple  semi-lod 
fit.  However,  t iie  close  aureement  of  the  two  values  indicates  that 
t tie  uncertaintv  in  the  calculated  value  is  probablv  on  ttie  sai'ie  I'rde’' 
as  tfiat  of  tilt’  measured  data  to  whicti  it  is  nontialiced  ( .'b  1. 

Itie  same  *e>t  (.annot  be  applied  to  iiamma  rpy  dose  FIA  values 
siiu.e  it  IS  well  known  that  in  the  presence  of  neutrons  sucti  values 
do  not  behave  as  described  bv  a strict  semi-loo  fit.  However,  at  the 
treiu.li  location  tlie  dominant  vianiiia  rav  component  is  that  oenera'ed  bv 
the  neut'ons.  Therefore,  it  is  unlikely  that  the  unco'taintv  in  the 
ijaiiiiiia  lay  TiA  dose  val.u'  I’x^eevls  'bt^  . i.e,  . tv\ice  file  'u'utri,'n  coii’pvinent 
uncerta inty . 

The  eneray  and  anole  dependence  of  neution  fl..ence  and  oaiiima 
ray  expvfsure  have  been  estimated  usino  a number  of  sources.  1 1'st 
the  enerpv  dependence  of  the  neutron  fK.ence  was  estimated  bv  exfa- 
polatino  the  measured  fluonces  and  no'"  al ic ino  'he  result  usiri;  ' no 
intepral  i lA  dose  value  (.099  rav-!  ’ .'b'n  :t„v  spec'-um  ttius 

obtained  is: 
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r^eut_r_oii_  Energy  Rjtme 
Thermal  (10'^*  to  3.00  x lO'^eV) 

Epithermal  (3.00  x lO'^eV  to  10  keV) 

East  (.010  to  .63  rieV) 

(.63  to  1.5  MeV) 

(1.5  to  3.0  MeV) 

3.0  MeV 

TOTAL 

The  epithermal  component  was  taken  to  be  52  of  the  total  fluence  as 
suggested  by  R.  J.  Smith  et  al.  (Refereiice  9)  Angular  dependence  of 
the  neutron  fluence  was  estimated  usitig  data  r-eported  by  Straker  (Refer- 
ence 30).  These  itidicate  that,  1500  m from  a bare  fission  source  placed 
at  15  m above  the  gr-ound,  the  downward  directed  components  of  the  neutron 
fluence  1 meter  above  the  ground  are 
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.“•eutron  fluence  (•  cnr) 
at  slant  lan^e  ' 2.' .*1  m 

2.22  X 10' 

b.aO  X 10' 

1.56  X 10^ 

8.05  X 10^ 

5.03  X 10^ 

1.19^  x 10_^ 

1.31  X 10^ 


Enerigy 
Thermal 
Epi  t hernia  1 
Fast  ( -.63  MeV) 


townwa  J)  i rec  t ed^  F 1 L^nc^ 
35 
50 
71 


The  gamma  ray  spectrum  was  approximated  by  that  of  the  canbined 
prompt  and  neutron-induced  components,  transported  through  infinite 
homogeneous  air. 


Oamma  Ray  Energy  Ra nqe  (^l_eV0 
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The  gamma  t ay  fluence  angular  dependence  has  been  estimated  using  the 
DOPPLER  geometry  and  the  directional  gamma  ray  dose  calculated  in 
infinite  homogeneous  air.  Directional  dose  was  used  in  order  to  weight 
iiiost  heavily  that  portion  of  the  fluence  producing  tne  greatest  dose. 

On  this  basis,  approximately  54  of  the  total  ■^'luence  was  downward- 
di rected. 

All  the  above  energy  spectra  and  downward-directed  components 
are  merely  estimates.  No  specific  differential  measurements  or  calcu- 
lations have  ever  been  performed  for  the  combination  of  source  charac- 
teristics and  geometry  of  interest  here.  Consequently  it  was  postulated 
that  for  both  gaimia  rays  and  neutrons,  the  downward-directed  comoonent 
v/as  spread  uniformly  over  the  lower  2tt  steradians.  This  treatment  pro- 
vides an  upper  limit  for  the  dose  in  the  trench.  Any  distribution  of 
radiation  peaked  in  the  direction  away  from  the  shot  would  reduce  the 
fluence  into  the  trench. 

Two  methods  have  been  chosen  to  characterize  the  radiation 
intensity  within  the  trench.  First,  film  badge  reading  equivalent 
values  were  calculated,  using  the  response  (energy  differential  sensi- 
tivity) of  the  Sn/Pb  shielded  DuPont  Type  502  film  badge  in  use  at  the 
time  (References  13,  15).  Calculations  were  performed  using  the  MORSE 
Monte  Carlo  radiation  transport  code  (Reference  22)  together  with  a 
man  phantom  model  developed  previously  for  the  Defense  Nuclear  Agency 
(see  Appendix  III).  Troops  in  trenches  are  assumed  to  have  remained 
at  least  2 ft  below  the  surface,  in  accordance  with  the  SOP  outlined 
in  Reference  3.  Thus,  for  the  purpose  of  establishing  a representative 
film  badge  equivalent  reading  for  pa. sonnel  within  the  trench  the  man 
phantom  was  positioned  in  a crouc'  ’■  position  with  its  back  2 ft 
below  the  lip  of  the  trench.  This  corresponds  cO  a man  of  the  size 
of  the  phantom  bent  90°  at  the  waist  and  standing  in  a 5 ft  deep  trench. 
This  depth  is  consistent  with  the  minimum  trench  depth  cited  in 
Reference  3.  In  order  to  gain  some  appreciation  for  the  effect  of 
position  on  the  calculated  badge  reading  equivalent  value,  calculations 
were  also  performed  for  the  phantom  upright,  facing  the  length  of  the 
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tr(>t\rh.  In  that  t asi'  tfin  (iliantoin' s hiMil  ('xtomls  to  within  M in.  of 
ttio  1 1 eni  h lip,  wiiicfi  violates  the  SOI'.  Ilowovor,  this  position  does 
allow  the  haikio  on  the  pfiantoni's  chest  to  remain  at  the  same  tiepth 
relative  to  the  lip  ot  the  treiuh  (2.6  ft),  therehy  permittinn  Oirect 
com[>iirison  of  hatUie  readimis  for  hodv  orientation  effects.  The  average 
torso  depth  within  t fie  trencti  is  expected  to  have  been  within  six  inches 
of  ttiat  Sjiecitied.  Calculated  film  badue  readiiui  equivalents  are; 


(Tamina  Rav 

Neut  roll- I ndiiced  C.amma  Rav 

TOTAL  = 


Represen  tat  i ve  I i Im 
Badiie  Read  i III)  (rem)  for 
f’ersonnel  Tollowinq  StH’ 

' .130(.l2)* 

i .003  (..TCI) 


TTadqe  Read i no  (rem) 
for  ll(irii)tit 
_riiantom  ^ 

. 16.3(.i:>) 

.002 (.36) 

. 160 


* Values  111  parenttieses  are  fractional  lieviations  of  Monte  Carlo  Calcu- 
lat ions. 


Neut  roll- i nduced  tianima  radiation  includes  ttiat  producc’d  in  t tie  walls  of 
ttie  trencti  and  in  t tie  nun  tiiiiisell.  The  contritnit  ion  from  direct  neutron 
interaition  witti  ttie  badqe  is  on  ttie  order  of  10  percent  of  ttie  neutron- 
induced  qamma  r.iv  component  and  is  hence  neqlected.  I tie  total  value  ot 
ITT  Hirer!  has  been  cliosen  as  ttie  best  estimate  of  the  film  badqe  readinq 
equtv.ilent  ot  ttie  Task  lorce  WARRIOR  ('xi'osure  to  initial  radiation 
Willie  ol'stMvinq  Stiot  IH'l’I'LlR. 

Ai t ua 1 exposure  to  individuals  is  difficult  to  diaracteri ce 
t’ei,iiise  of  van  It  ions  in  proti'ct  ion  afforded  by  increasinq  trencti 
deiifti.  Ttierefore,  in  addition  to  ttie  film  badqe  readinq  equivalent 
d.i'a  I'l  esenti'd  above,  exf'osurt'  in  terms  ot  rad  t ri'i'- i n-a  i r tor 
t'oth  neutrons  and  qaimna  ravs  liave  been  calculated  as  a function  ot 
depiti  in  an  emptv  ti'ench  (L  10  ft,  W = 2 ft  , 0 6 ft).  Itiese  values 
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lit'pth  (ft) 

1 .0 

‘1.11 


Nt'ut  I'lin 

(.IVI)* 
.D.’i)  (.  Ill) 
•Hi;  (.1/) 


PiiM'  (K.id  I lA) 


Nt'ii  I roil-  1 iiilin  I’ll 
(i<iiniiia 

.lKl‘1  (.111) 

.lH)l  (.‘lit) 

.ini;’  (.‘.111) 


('liiiniiui 
.■'I  U)  ( .117) 
..’i’S  (.O'D 

. 1 r-  ( . 1.’) 


* Valut’s  in  paront  Iu'so'a  ‘iro  tract  ional  staiularil  iloviatioim  ol 
Mon  t o fa  r 1 o fa  Uniat  i ons  . 


I 

} 

! 


I 111’  It  location  corrosponds  to  that  ol  the  iiiidlino  ol  I tio  torso 

ot  the  man  phantom  in  I hi’  roprosont  a I i vi’  porsonnol  position  doscriln'd 
ahovo.  I hero  tori’ , t ho  do'io  at  this  doplh  h.is  hoon  i ho'.on  to  ri’nro- 
'.onl  the  .U'tnal  cxposiiro  ot  task  I orco  WAKKIUK  porsonnol.  tit  lonrso 
oxtromitios  oxtondimi  iihovo  this  depth  would  roioivo  .i  hiiihor  do'a’ 
whilo  I ho  lowor  oxtromitios  would  rocoivo  loss. 

Availahlo  data,  such  as  t huso  summ.iri.’od  in  the  report. 

"Kad  i oh  i 0 1 00  i I a I (actors  in  flannod  S(Mi  o lliohl"  (lU’li’ionco  .’’')  >ind  the 
later  "h  i o Ion  i ca  1 lllocts  ot  loni.'inn  Radiation  (hllR)  Report"  (Rotor- 
onco  .11),  indiCiito  tluit  I hero  is  a dittoroiuo  in  the  hiolonual  coin-o 
i|uoncos  liotwoon  radiation  with  hinh  oiiornv  translor  per  unit  p<ith 
loini'h  (II  I)*  and  that  with  low  111.  I ho  ho.ivv  i h.irood  partiilos  ‘,ol 
in  motion  hv  iioutroii  i ii  t orac  t i ons  ,iro  iittrilnilod  a hinh  IN.  Iho  namiiui 
rav'.  and  the  oloctroii'.  that  the  noulrons  sot  in  motion  have  rolativoU 
tow  III  value.  Iho  moa'airo  ol  this  overall  ot toct  is  the  relative  hiio 
lonual  o!  toil  i vonoss  (Rl'd  ) ot  the  radiation,  which  uses  .i‘>  ii  standard 
X-r.ivs  ol  approx  i ma  1 0 1 V .’I't!  RoV  onornv.  Iho  RRI  lor  nanina  ravs  is 
coiiiiiionlv  ail  opted  as  uni  tv. 

Iho  iivailahlo  da  t >i  on  Rill  tor  noutroii'.  are  s|'arso.  Mowovor, 
thov  indicato  that  RIU  values  vary  with  radialion  inli’iisitv  and  t vpo 
ot  ottoct  ot  interest  as  well  as  with  111.  Uocauso  ol  this  the  term 
Rill  has  come  to  (uissoss  a l.irno  donroo  ot  .iml'inuitv  and  oven  when 
proporlv  dot  inod  has  an  uncorlain  valuo.  Ihorotoro,  tor  t ho  purposo 

* 11  r is  the  ahhrovi  ill  ion  for  "linOiir  onornv  t imiis  for . " 
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of  radidtion  protect  ion,  tho  neutron  RBf  has  been  >'epKu'ed  with  tin' 
quality  factor  (QF).  ftie  National  Committee  for  Radiation  t'rotection 
(NCRl’)  (Reference  21)  defines  ttie  (JF  as  follows: 

c[ualijy  factoi'  (Ql):  A factor  wtiicli  is  used  in  ladia- 
tion  protection  to  weiqht  t tie  absorbed  dose  witti  reqard 
to  its  presumed  bioloqical  effectiveness  insofar  as  it 
depends  on  the  Id  T of  the  charqed  particles.  The  quality 
factor  is  a function  of  the  LLT  of  the  cliaroed  part  ii  les 
that  deliver  the  absorbed  dose.  The  charqed  particles 
traversinq  irradiated  matter  usually  have  a ranue  ot 
values  of  LFT  in  which  case  the  term  ttien  refers  to  tht> 
weiotited  averaqe  quality  factor. 

The  t)F  has  been  calculated  as  a function  of  neutron  enerqy  and 
is  presented  in  Table  1.  Note  that  for  the  enemies  of  interest,  the 
1)1  can  vary  from  2 to  11.  For  the  purpose  of  this  study  these  (loinl 
enerqy  data  have  been  converted  into  the  enerqy  qroup  averaoe  data  in 
Fiqure  I?  and  collapsed  further  into  the  enerqy  qroups  as  tollows: 


Enerqy  Ranqe 

2.n 

Thermal  (■  .OeV) 

2.1 

(pi  thermal  (..leV 

■ 1 10  keVl 

B.O 

Fast  (.010  • F 

0.60  MeVl 

10.7 

(O.b.l  ■ F ■ 

1 .6  MeV) 

0.7 

(l.b  ■ [ • . 

T.O  MeV) 

7.9 

( ' a.O  MeV) 

[lose  equivalent  values  (in  rem)  qiven  in  this  report  have'  bt'on 
calculated  as  recommended  by  NCRP,  usino  tlie  above  quality  factor  data 
a s fo 1 1 ows ; 


rem  d,-  x R;  x QF. 
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lal>lL'  1.  Neutron  Quality  Tactors  As  A [unction  of  tner<)y 
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Neutron  Energy  (MeV) 

Figure  12.  Energy  Distribution  of  Quality  Factor  (QF) 


where  the  dose  in  'em  is  e(|U<il  to  tite  sum  over  dll  etierny  oroups  i of 
the  product  of  the  fluence  : (n/cm  ),  the  Keriria  'artor  k ( rads/ (n/cni^ ) ) 
atid  the  Quality  factor  Qf  (rem/rad)  for  each  enemy  moup.  The  overall 
averaue  ijuality  factor  may  be  determined  as  follows: 


QF 


I 'em 


S , X k.  X Q1  . 


i 


For  the  neutron  environment  immediafelv  above  the  mean  nOPPLLR  trench 
location,  QF  = 8.6.  At  a depth  of  2.J3  feet  in  the  trench,  the  ipjality 
factor  is  close  to  the  maximuin.  These  values  may  be  compared  with  the 
value  of  5 qiven  by  the  BtlR  coiuiiittee  as  an  estimate  of  the  KBF  for 
neutron-induced  leukemia  based  on  the  Japanese  atomic  bomb  survivors. 

The  BEIR  Rt?t  estimate  is  based  on  relatively  hiqft  neutroti  doses. 

i.e.,  between  1 and  100  rads,  and  reasonably  uniform  exposure  across 

the  extremities.  In  the  case  of  OOPPLLR  personnel  the  neutron  exposure 

-2  - 1 

was  low,  in  the  ranqe  of  10  to  10  rad  and  extremely  nonuniform. 

At  these  low  dose  levels  the  studies  of  Katz  (Reference  32)  indicate 
that  the  neutron  RBE  for  any  specific  bioloqical  effect  mav  be  an  order 
of  maqnitude  or  more  nreater  than  i:  is  in  the  hiqh  dose  ranqe.  However 
this  is  postulated  on  the  basis  of  an  apparent  decrease  in  'he  effec- 
tiveness of  the  qamma  rays  relative  to  that  o''  neut'orr  with  ilecreasinq 
dose  levels.  On  the  other  hand,  the  nonuniforin  nature  of  the  exposure 
may  serve  to  reduce  the  total  neutron  interactions  in  *he  body  by  a 
larye  amount,  thus  offsettinq  the  incr'-ase  in  RB;  . Given  this  uncer- 
tainty as  well  as  the  interest  in  ' ■ radiation  effects  at tendani  to 
the  WARRIOR  exposure,  results  here  ate  limited  'u  exposure 

values  in  rad{tis)  free-in-air  a' .i  'em  'fee-m-air,  the  Ur'ei  I'einq 
based  on  the  uniquely  definable,  lose  level  intependon*.  ;*!  dependt'tit 
approach  set  forth  by  NCR!'.  Th.-  in-trenrh  J,o  e i|i  re:  is  a-,  t-'llows: 


Dose 


Neutron  - liicluceil 


Hepth  (ft) 

Neutron 

Gaiiiiia 

Gamma 

Total 

1 

.411(.n9)* 

.004 (.40) 

.430(.07) 

.845 

2.33 

.227(.l0) 

.003( .40) 

.225(.09) 

.455 

4.0 

.122{. 17) 

.002( .50) 

.115(.12) 

.239 

‘Vcilues  in  parentheses  are  fractional  standard  deviation  of  flonte 
Carlo  Calculal  ions. 

Note  that  fiie  film  haoue  readino  equivalent  value  of  133  mrem  calculated 
earlier  accounts  for  less  tlian  one-tfiird  of  the  465  mrem  exposure  at 
nominal  trencii  depth.  This  is  because  of  body  shieldiiu)  and  the  fact 
that  ttie  film  badue  is  insensitive  to  direct  neutron  exposure. 


Sect i on  4 


RESIDUAL  RADI AI ION 

4.1  SMOKY  Rt SI  DUAL  RADIATION 

The  SMOKY  Talloui  pattein  geneialVv  t'olloweU  the  meteot'olooic.il 
pvedictions.  Lower  segmetits  of  tlie  cloud  were  seen  to  drift  slowly  to 
the  southeast  while  the  cloud  tO('  rose  to  ahove  35,000  feet  and  drifted 
due  east  at  about  40  Knots.  Both  the  on-site  (close-inl  and  off-site 
radioloqical  iiieasureinents  confirmed  the  visual  observations.  The  HKhi 
A observer  area,  the  trench  line  and  the  infiltration  course,  none  of 
which  were  used  due  to  tfie  expected  fallout  drift,  were  directly  in  the 
t)ath  of  the  cloud  (l  iuioe  I-d).  The  levels  of  contaminat  ion  at  ftie 
infiltration  course,  3400  meters  SS[  of  uround  :ero,  and  tfie  trenches. 
4400  meters  from  ciround  cero,  were  on  the  order  of  100  r hr  at  Hi  1 . 
Obviously,  any  occupation  of  the  trench  or  infiltration  course  areas 
would  have  resulted  in  extremely  hioh  exposures.  Thus,  the  decisivui 
not  to  use  Plaii  A and  the  SMOKY  trenches  was  indeed  a sound  one. 

4.2  fSTIflATLD  RESIDUAL  RADIATION  EXPOSURE 

The  14  shots  prior  to  SMOKY,  as  well  as  SMOKY  itself,  are 
listed  in  Appendix  I,  Table  I-l.  The  table  notes  tha*  five  shots 
produced  insignificant  fallout  and  one  (Priscilla)  resulted  in  fallout 
in  the  Aii'  force  Ounnery  Ramie  to  the  east,  fallout  from  all  others  is 
depicted  in  the  appropriate  fiiiures  referenced  in  the  table.  Ground 
zeros  for  these  shots  are  shown  in  t iuure  1.  It  can  be  assumed  that 
virtually  any  entry  into  the  forwa>f  area,  particularly  the  northern 
end  of  Yucca  flat,  would  have  ''esi  , *m.I  in  residual  i.idiatior  exposure 
from  p'-evious  shots.  Accordinulv,  every  lask  force  WARRIOR  activity 
conducted  in  the  forward  area  . examined,  lor  ease  of  analysis,  the 
activities  related  to  SMOKY  are  orouped  as  follows; 

Rehearsals  o'  Phase  11  and  Phase  II  Operatioral  Plans, 
5-4  Auuust 
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'U'so- vot  10.  O'  snot  SMi\v  . q .\ioUist 
l\.M.:.or.  0^'  '’haso  !1  ami  i'tiaso  III  o\o.\;-,os.  «1  Ai 
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mils 


'or  oavh  of  tho  atvvo  ao'ivit.os,  -ho  .ulntion  t , .1  i 

. ' ‘ « .lUKtrUVl  t TOliis  iMUOuMt  IM 

iiniruj  t ho  activ’v  a>o  now  ONanniuvl. 


1 i'OfU’arbals 


oohoa-sals  O'  otv-ational  plans  ,o,  Pha.o  n 
I’o  nranr.-v  Troof.  'obt  wo.v  aooomp I , shod  Ju-  um  ;i,o  ;vook  of  s-o 
•udust  Idh-  .disoussoj  in  v.'ion  .'.pi.  -.p 

''K'm  r>  wore  ,sod  in  t ho  airlut  of  Task  ' o-a,.  -..r'oxlOK  to 
--'^-'^'-rooMootfvoaivas.  df  tiio  fourposbiMo 

--.t.ons  Of  tho  airlift  i.ianoinor.  old  havo  ,no  Uidod  ff.o  o-oomi 

dssaal.  mold  ovo.Mso  in  tho  mimarv  oh.uvfno  a-oa.  'ho  I'haso  III 
'osapplv  rohoarsals  woro  oondiiotod  in  oonjunot.on  with  tho  '.rs;  *,0 
tooop  opo.-atfon  rohoa-sals.  lor  tho  rohoa.-sa  1 s . iask  .o-.o 
would  havo  spont  ono  to  two  hours  tdopof.dino  on  tho  so-iali  oaoh 
"oluoptor  loadifu,  aroa  hoforo  Poa-dino  tho  holioopto.s  'or  rho  Imt 
to  tho  otMootivo  aroa.  somo  toip-  hours  would  havo  Ivon  -oaui-od  'o-  , 
tull-soalo  rohoarsal  ,n  tho  pri.arv  oPdootivo  a-oa  hoforo  ovaouation  ' 
t’oa  to  tho  loadum  aroa.  whoro  around  t ransporta  t ,on  was  wa.tina  'wo 

''ou.-s  ,n  tho  altornato  ohjooti^o  aroa  for  oaoh  .ohoa.-sal  would  h.uo 
suttiood  tor  this  variatiof). 


f.fllout  pattorns  froi-t  tho  follow, no  six  shots  oould  havo  ii-ipaot, 
tho  rohoarsal  aroas.  Thov  aro  now  oxaminod  to  dotormino  thoi.-  possipio 
font  ri  hut  ion  to  tho  radiation  doso  rooouod  dunno  all  tho  .ohoarsals 
of  oporational  plans. 
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UIlsOS  (I  : Jun.O 

niAfUO 

U’4  Julv' 

PASCAL  "A"  i;t<  4:iU' 

! ho  falliVit  pattO'tts  for  thoso  shots  aio  sltown  mi  Moiiros  I-l  throinlh 
!-i'.  Api'oiutu  I. 

'tu'  i'OlT.'^’AW  'a!  lout  ll  ioui't'  I-P  impai  tovt  in  ttio  Plan  A 
loaJitu)  aroa.  usoil  tor  two  task  foixo  rohoarsals  durino  ;<  to  '>  Amiust  . 

It  also  nupaotod  on  t ho  primarv  oPjootivo  aroa.  ( 'om  tho  do>.a\  lOiuor- 
sion  taotors  shown  in  tablo  ll-p.  t tu’  HOLTCMAW  rollout  intonsitios. 
ad.iustod  to  ' Audnst.  wo's  approx  imatol  v .d-l  mr  tir  ( lil  y in  tho 

Plan  A loadiini  a-va  and  in  tho  I'ripiarv  ohjoctiu’  aroa.  This  is  oonsi- 
dofod  i ns i an  i f i rant  and  nood  not  Po  I'valuatod  furtiior. 

Tho  FKANMlN  fallout  iau''o  I-.’^  uKU  haxo  impaotod  on  tho  Plan 
A loadina  aroa.  Porauso  this  shot  was  a inistiro.  howovof,  tho  h*l.' 
intonsitv  at  Palloon  Hill  was  prohahU  no  hiohor  than  1 mr  hr.  Tho 
dooav  coiuoi'sion  factov  shown  in  Tahlo  II-p  is  Tho  fKANkllV 

tallout  intonsitv  at  ITalloon  Hill,  adjustod  to  ' Audust.  is  insianifi- 
cant  and  nood  not  Po  oonsidorod  tufthor. 

Tho  WILSON  fallout  (t  iduro  I-.'l  iinpaotod  on  ttio  hoi  iooptor 
loadina  aooas  for  Poth  Plan  A and  Plan  P.  from  t lio  dooa\  oonvorsion 
factors  shown  in  TaPIo  II-P.  tho  WIl SON  tallout  intonsitios.  adjustod 
to  7 Audust  , woro  app>-oxii'iatol\  .0.!  nif  hr  lS  x .OOp'  in  tho  Plan  A 
loadino  aroa  and  .Op  mr  hr  ^10  x .OOp'  in  tho  Plan  P loadiini  a'oa. 

Thoso  intonsitios  aro  i ns  i an  i f i cant  fo''  tho  sta\  t imos  invohod  and 
nood  not  Po  consivlorod  furthor. 

Tlio  OIAPLt'  fallout  pattorn  ^fiauro  !-•!'  niipactod  on  Potti  tho 
primary  and  altocnato  oPjoctivo  aroas  for  tho  troop  manou\or.  ‘ rom 
tho  doc.i.v  convorsion  factors  shown  in  T^aPlo  11-p.  tho  PIAP'LO  Mitonsi- 
tios  around  7 Audust  woro  loss  than  1 mr  hr  ( lO  \ .OH'  and  aPout  .« 
inr  hr  (.TOO  x .0111  in  tho  primarv  and  al  tomato  oP.ioctuo  aroas..  rospoc- 
tivol.v,  durina  oxoiviso  roht'arsals.  for  tho  assumed  stav  t n'v  ot  two 
hours  on  oach  occasion  in  tho  alto'iiato  oPjoctivo  aroa.  tho  ostinatt'd 
accruod  oxposuro  is  10  inroi'i. 
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KEPLER  pi'oiliiCt'd  a fallout  I’attorn  (Fiquto  1-5)  that  impacted  on 
the  troop  loading  area  for  Plan  B,  used  for  two  rehearsals.  Prom  the 
decay  conversion  factors  shown  in  Table  1 1-6,  the  KEPLER  fallout  inten- 
sity, adjusted  to  7 August,  was  approx imately  5 mr/hr  (200  v .027'. 
Assuminu  a total  stay  time  in  the  loading  area  of  2 hours  for  each 
rehearsal  , the  task  force  would  tiave  accrued  an  exposure  of  20  mrem 
dui'ing  5 to  0 August  in  the  KEPLER  fallout  field. 

PASCAL  "A"  was  a safety  shot  with  some  nuclear  yield.  The  fall- 
out was  in  the  direction  of  ^^alloon  Hill,  but  was  sufficietitly  local  i.red 
that  it  is  extremely  doubtful  that  atiy  sionificant  fallout  reached  the 
Plan  A loadino  area.  This  is  evidenced  by  inspection  of  Figure  I-b. 

No  further  evaluation  of  this  dose  is  necessary. 

4.2.2  He t^ij  i v_e_  Ptisj  t i on  s 

The  Phase  I defensive  positions  were  prepared  on  12  and  13 
August,  and  inspected  on  14  August.  The  task  force  spent  12  hours  in 
the  preparation  and  inspection  of  these  positiotis,  as  well  as  in  moviiKt 
to  and  from  the  specific  positions  and  the  qround  transport  vehicles. 

The  total  exposure  is  deteniiined  by  the  technigue  described  previously. 
Inspection  of  dose  'Mte  contours  shows  that  Shots  BOLTZFlANN  and  niABLO 
contributed  to  the  fallout  intensitv  in  the  defensive  position  area. 

The  followitu]  chart  shows  the  factor  used  to  convert  each  intensity 
(D  in  mr/hr)  to  13  August,  as  well  as  the  estimated  exposure  of  the 
task  force  for-  the  period  12-14  August: 


^h  0 1 

t D (^1_3_  Aiwi_s_tj 

Dose  (mrem) 

BOLTZMANN 

300 

.004  1.2 

14 

DIABLO 

2400* 

.00^’  22 

260 

■* 

For  those 

posi t ions 

prepared  closer  to 

the  hot  1 ine. 

this  rate  could  have  been  30  percent  higher. 
This  would  apply  particularly  to  positions  1-22 
(Figure  3). 
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■1.2.3  Shot  SMOKY 


Task  Force  WARRIOR  witnessed  Shot  oHOKY  frori  the  Dan  B obser- 
vation  area  on  31  August.  Ihey  arrived  at,  the  observer  area  at  approxi-  l||  ^ 

mately  0330.  The  stay  time,  until  the  tr-iJlips  boarded  the  helicopters  toi-  J 

airlift  to  the  objective  area,  was  3'.'  to  4'.  nours.  Inspection  of  all  I 

significant  fallout  contours  shows  that  Shots  WILSON  and  KFPLER  contri- 
buted  to  the  residual  intensities  in  the  observer  area.  The  earlier  | 

discussion  of  the  WILSON  contribution  showed  it  to  be  insignificant 
for  the  exercise  rehearsals;  hence,  at  times  subsequent  to  the  rehearsals, 
the  intensity  remains  insignificant.  The  KEPLER  fallout,  shown  in 
Figure  1-5,  had  an  H+12  intensity  of  1000  mr'hr  at  the  observation 
location  on  the  north  slope  of  the  hinh  ground,  coordinates  7f-n046. 

Usino  the  conversion  method  described  previously,  the  KEPLER  H+12 
intensity  corresponds  to  an  intensity  of  S mr  hr  (1000  \ .OOS)  on 
31  August.  A stay  time  of  approximately  4 hours  yields  a total  esti- 
mated exposure  of  32  mrem  to  Task  Force  WARRIOR  personnel  while  obser- 
ving Shot  SMOKY.  The  troops  received  no  radiation  exposure  fi'om  SMOKY 
itself  during  the  observation  phase 

4.2.4  Trooji  Maneuvers 

The  troop  maneuver  in  the  primary  objective  area  on  31  August 
was  discussed  in  detail  in  Section  2.6.  The  fallout  from  Shots  BOLTZMANN 
DIABLO,  and  SHASTA  impacted  on  the  primary  objective  area.  The  wind 
p patterns  on  31  August  were  such  that  fallout  from  SMOKY  itself  did  not 

impact  the  maneuver  area,  as  can  be  seen  from  Figure  1-^^  The  fallout 
patterns  from  BOLTZMANN  and  DIABLO  (Finures  I-l  and  1-4)  were  examined 
previously  to  determine  the  dose  accumulated  durinq  the  exercise 
rehearsals.  SHASTA  occurred  on  18  August  and  FRANKLIN  PRIME  on  30 
August,  subsequent  to  the  rehearsals.  Their  fallout  plots  are  shown 
in  Figures  1-7  and  1-8.  Using  the  decay  rates  shown  in  Table  11-6, 
the  H+12  intensities  are  converted  to  31  August.  The  following  chart 
shows  the  conversion  factors  as  well  as  the  total  estimated  exposure 
of  the  maneuver  elements  for  the  period  of  the  exercise. 
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Shot 

^12 

f 

D (31  Aug) 

Task  Force 

(mrem) 

BOLTZflANN 

10-100 

.003 

.3 

‘Jegl . 

DIABLO 

10 

.005 

.05 

Negl . 

SHASTA 

1000 

.033 

33 

116 

FRANKLKi  PRIflE 

Neql  . 

— 

— 

Negl . 

Tfie  above  exposures  are  based  on  an  averane  stay  time  iti  the  objective 
area  of  3.5  hours  for  the  task  force.  The  calculations  could  be  refined 
to  provide  exposures  for  each  platoon-sized  element,  but  such  refine- 
ment is  beyottd  the  scope  of  the  data  reliability.  The  two  platoons 
that  assaulted  Quartzite  Ridoe  were  iwvino  toward  the  SHASTA  hot  line 
as  well  as  that  of  the  older  DIABLO  field.  Their  exposures  could  have 
beeii  sc^ie  20  percent  fii^her  than  the  116  mrem  received  by  the  main 
body  of  troops. 
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4.2.5  E ijuj  ’’-V 

The  equipment  recovery,  assumed  to  have  been  accomplished  on 
1 September,  is  not  docuiiented.  As  discussed  earlier,  only  a few 
helicopters  and  accompanying  task  force  personnel  would  have  been 
required  to  recover  slings,  water  cans,  and  related  matte'*.  Because 
there  is  no  way  to  identify  the  personnel  involved  in  tnis  activity, 
the  exposure  is  not  ascribed  to  the  task  force  as  a whole.  The  esti- 
mated exposure  of  56  mrem  is  obtained  from  the  H+I2  SHASTA  plot 
(Figure  1-7),  the  conversion  factor  from  Table  II-6,  and  a stay  time 
of  two  hours  (1000  x .028  x 2).  SflOKY  itself  did  not  contribute  to 
this  exposure. 

4.2.6 

The  inspection  of  the  Phase  I defensive  positions  by  selected 
personnel  is  assumed  to  have  occurred  on  1 September  1957,  as  described 
previously.  The  stay  time  of  two  hours  is  applied  to  the  fallout 
fields  of  the  four  shots  that  contr’buted  to  the  residual  radiation 
in  the  area  of  the  defensive  positions,  using  the  decay  conversion 
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t.JClDrs  from  Ijltli'  Of  I hf  four  shots,  SHASTA  uiul  SMI1KY  ociurii'd 

suhseiiuetit  !o  I ho  |)i  op.ir.i  t ion  of  t ho  iiosilions.  Uioir  lOl^’  intonsities 
uro  /UO  unci  SO  iiir,  rospoot  i voly  (f  iiinros  I-/  .ukI  I-d).  Ihc  ohurt 
I'oiow  shows  tlio  ostipMtoii  ox('osur(>  ol  soloi  to(i  t.isk  'oioo  |iorsontiol 
liurinq  t ins  activity. 


Stiot 

If,, 

f 

0 (,l_SOJit) 

Doso  (iiirt'"0 

fiOLTZMANN 

TOO 

.000 

I 

? 

niAW  0 

?A00 

.00 1. 

i:-’ 

SIIASIA 

700 

.0?» 

."^0 

UnCERTAIiJTY  ANALYSIS  AND  DETERMINATION  OF  TOTAL  EXPOSURE 


Because  of  the  uncertainties  of  the  parameteis  used  in  calcula- 
tinn  the  partial  exposures  in  Sections  3.2  and  4.2,  a rinorous  treat- 
ment of  all  the  sources  of  erior  is  required.  After  the  uncertaitities 
are  determiried,  the  total  exposure  of  Task  Force  IJARRIOR  can  be  assessed. 

5.1  RESIDUAL  RADIATION  EXPOSURE 

Determination  of  the  residual  radiation  exposure  for  Task  Force 
WARRIOR  (made  independently  of  film  badge  data)  has  the  following  sources 
of  error:  (1)  fallout  plot  intensities,  (2)  location  of  a trcop  acti- 
vity, (3)  fallout  decay  rates,  (4)  troop  arrival  time  at  an  activity, 
and  (5)  duration  of  an  activity.  These  arise  because  residual  radia- 
tion exposure,  as  calculated  for  each  troop  location  or  activity,  is 
the  product  of  the  exposure  rate  (normalized  to  H+12)  as  a function  of 
position;  decay  (since  H+12)  as  a function  of  time;  and  duration  (stay 
time)  at  a given  position. 

For  purposes  of  comparison  and  calculation,  errors  are  expressed 
as  multiplicative  factors  which  arise  from  the  exponential  character  of 
decay  rates  and  fallout  field  intensity  variations.  All  are  expressed 
in  terms  of  a 90  percent  confidence  limit. 

As  discussed  in  Appendix  I,  the  fallout  plot  intensities  have 
an  error  factor  of  1.46  in  the  region  in  which  data  was  collected.  Error 
in  the  interpolated  region  between  on-site  and  off-site  data  points  can- 
not be  as  precisely  assessed.  There,  error  estimates  are  based  on  what 
variation  in  fallout  level  would  result  from  shifting  the  interpolated 
(dashed)  contours  to  the  estimated  limit  of  consistency  with  on-site  and 
Program  37  contours.  Fallout  intensities  between  contours  are  computed 
by  logarithmic  interpolation,  except  across  the  hot  line,  where  tne 
Gaussian  fit  of  Appendix  I is  applied. 
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The  position  of  dn  activity  may  be  imprecisely  known  owing  to  a 
dearth  of  documentation  or  because  of  troop  movemerit  during  the  activity. 
For  irost  activities,  troop  elements  were  located  in  a set  of  discrete 
positions.  In  these  cases,  a distribution  of  exposure  around  the  mean 
exists,  rather  than  an  error  of  the  mean.  The  exposure  is  computed 
for  troops  in  the  hottest  positions  as  well  as  that  for  the  "average" 
troops . 

The  decay  curve  for  a particular  shot  may  be  treated  as  exact 
to  the  extent  that  the  measured  fallout  decay  is  representative  of  the 
entire  fallout  field  for  that  shot.  Because  insufficient  information 
exists  to  evaluate  the  assumed  independence  of  decay  rate  with  position 
and  the  accuracy  of  the  decay  plots  of  Reference  11,  the  presumably  small 
errors  associated  with  these  will  be  neglected.  All  decay  curves  except 
for  Shot  SHASTA  have  at  least  partial  reliance  on  Plumbbob  Composite 

ri' 

decay.  Therefore,  all  other  shots  have  an  associated  decay  error  that 
arises  from  that  mean  decay.  An  assessment  of  the  variation  in  decay 
of  the  shots  comprising  Plumbbob  Composite,  together  with  the  observation 
that  the  variation  is  minimally  dependent  on  the  duration  of  Plumbbob 
Composite  decay  utilization,  yields  an  error  factor  of  1.3.  This  applies 
to  all  shots  except  SHASTA  for  the  fallout  intensity  on  the  dates  of 
troop  activities. 


Error  resulting  from  impreciseness  of  troop  arrival  time  in  a 
fallout  ■'^ield  is  minimal.  Because  the  activities  were  conducted  some 
two  weeks  or  more  after  shots  yielding  the  fallout,  even  the  day-to-day 
decay  during  extended  exercises  never  exceeded  10  percent.  Consequently, 
error  from  this  source  can  be  disregarded. 

The  error  in  duration  of  an  activity  can  range  from  zero  for 
precisely  logged  events  to  a substantial  value  for  inferred  activities. 
When  durations  are  not  precisely  known,  their  uncertainties  are  esti- 
mated in  accordance  with  sound  military  judgment. 
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As  may  l>e  sot'ii  from  Section  4.2,  exercises  in  the  DIARLU 
fallout  field  on  12-14  Ainiust  and  in  the  SHASTA  field  on  31  August 
resulted  in  nearly  all  the  residual  gamma  exposure  of  tiie  troops.  The 
error  factors  for  each  are  displayetl  below: 


Fallout  field 

on  Dates 

Source  of  [f ror 

DIARLO 

12-14  Auo 

SHASTA 
31  Aug 

Fallout  plot  intensities 

1.46 

1.46 

lallout  plot  interpolation 

1.3 

1.3 

Mean  troop  position 

1.0 

1.0 

Decay  rate 

1.3 

1.0 

Durat ion  of  activity 

1.25 

1.15 

COUP  1 NED  ERROR  FACTOR 

1 . 78 

1.62 

i 

1 

The  error  factor  [)roviding  gO  percent  confidence  limits  for 
the  oeometric  mean  of  the  IHARLO  exposure  is  comiuited  as  follows: 

1 

error  factor  = anti  loo  [(log  l.Tb)*"  ^ 2(loo  1.3)““  ■*  (lou  1.21))“'] 

= 1.78. 

lor  the  smaller  contributions  to  the  total  exposure,  the  error  factors 
are  not  far  from  the  above  and  need  not  be  displayed. 

In  order  to  sum  ttie  estimated  exposures  from  separate  activities, 
the  oeoiiK'tric  (lognormal)  error  distributions  are  a('prox ima ted  by 
arithiDetic  (normal)  distributions,  for  the  maonitude  of  the  error 
factors  calculated,  the  arithmetic  mean  is  sliotitly  greater  tliatt  the 
oeometric  mean.  Iti  addition,  symmetric  error  bands  are  api'rox  imated 
to  assist  in  the  error  determination  of  ttie  tot.il  e\(Hisure.  lor  HIARLO 
and  SHASTA  this  yields  approximately  280  • ISO  mrem  atul  130  • bO  mrem, 
respectively.  Tor  the  smaller  contributions  to  the  total  dose, 
the  correction  to  the  meat)  is  insioni  f icant . 


53 


Ilu'  a'lttiiiH'tu  iiK’aii  ilost'  (to  t lu'  111  mi'i'iii)  ( 

i\u  h ailivitv  atu)  tin’  totals  art'  si/minar  i .-oil  in  lahlo  lor  t hi'  troop'., 

total 

'■lost'  (.'t'O  liiO)  I (I'O  oO)  * (.'O  U')  t li'^  t ll'O  lO'  * ^ 10 

■l‘>n  ■ (linr’  * [,;)•  t i;,*’  i lo''  ♦ io‘  * s'  l’ 

•I'H)  • It'h  nirom. 

Itioso  t rooi's  ill  t ho  hotti'st  art'as  of  t lu'  PIAIUO  atul  SIIASIA  tu'KIs  wt'oUl 
havo  hoon  suh.ioot  to  an  ost  imatt'il  atldititmal  .10  port  out  from 
OIAIUO  and  00  pt'rv'ont  t rvim  SHAMA,  for  a total  ot  t'0l>  • ,'.'0  iiirt'iii. 

h.;’  INITIAI  KAOIATION  I XI'OSUIll 

Iho  sourtos  of  t'rror  in  t ho  ilot  orini  na  t ion  I'l  t lio  initial  ratiia 
t itin  f"tposiiro  in  tho  I'll  I' I' 1 11%  tot'iiihos  iiulinto;  (ll  t lu'  oaltulatu'ii  t't 
tho  radiation  tioUt  abovo  tho  tronohos,  (.'I  tin'  ili'wnwartl-tl  i roi  t I'll  tr.io- 
t itm  ot  that  tiold,  (.1)  Iho  assuiiu'd  aiuml.n  i ndopt'iulonoo  t'i  that  th'wn- 
tlirt'ototl  ooiii('onont  , i-l)  flit'  statistital  unoi'rta  inl\  I't  tho  Mt'nto  far  It' 
oaloulation,  (.h)  tho  assimiotl  torso  th'ptli  within  t lit'  tri'iuh.  in'  t lu' 
S|iooifiod  ti'rso  t'r  iontat  ion , and  ('I  t tu'  t rnnoa  I i t'li  t't  t lit'  tronoh  at  a 
ton-ti'ot  loiuitli.  Iht'  matin  i t iidt'  t't  tho  uiu  t'Ot  >1 1 nl  i t's  in  tlu'st'  tuiant  i t it's 
is  statod  or  iiiipl  iod  in  Soot  ion  a..'. 

1 rror  taotors,  t"tprt'ssi’tl  in  tt'riiis  t't  'h'  it'nf  itlt'iut'  limits,  ,irt' 
tlispKivoii  t'i'lt'w  tor  \ (film  batitio  otpiioalont  ' . > \ 1 rot'- i n-a  i r ' . aiut 
n ( frt'o-  in-a  irl . 


Souroo  ot  1 ri't'r  \(t'at1ijt'l 

' ( t ri't'  1 

m 1 rt' 

1 it' Id  abovo  t ronohos  1 . b 

1 .b 

1.,'' 

I'ownwartl-d  i rt'ott'tl  fraotii'n  1.1 

1 . 1 

1.1 

Amuilar  i iitlt'pt'iittt'noi'  ( uppt'r  1.0 

) lowor 

Mon  to  I'arlo  oaloulation  1..'0 

1 .0 

uiitlt't  t'rmi  nt'd 

1 . h' 

1 .0 

1 . r 

lorst'  t'r  1 on t a t ion  (iippor  tnlv'  1.1 

Triinoati'tl  trotuh  (uppt'r  on  hi  1.1 

1.0 

I . 1 

1 .0 

1 . 1 

COttbltiin  IRKOK  l Al'TOn  hh'i 

1 .1'b 

1 .If 

(uppt'r  onlv) 


The  I'l  roi'  l.u  toi  s on  I ho  lowi’o  sulo  .n  o ,ii  lo.ist  .>s  oi  oot  .i'. 

Iho  ahovo  v.iluos  ot  oonihuioit  onoo  t.utoo.  Ihoroioiv  tho  lovsor  ot  >oi 
haiuls  slati'il  holow  ai  o uiuloi  ost  ii'iat (Hi . 

to  ofdor  to  iiimhino  tho  ('stimalod  initial  oaiiiation  lioso 
(4‘j5  miH'in  troo-in-air.  14.1  mri>m  lilni  hadoo  oou'valont'  Mtii  (’t'loo 
ovposiiiH's  aioruiHl  I'v  lask  l(>ic'o  WAUIvIt'K,  tin'  nt'iniii't  • !>  imi(1i  distoi 
hiitions  ai'o  oonvorlotl  to  aoi  t tiniot  i ( distt  ilHil  ions.  ho  i i'snltant 
ad.jnstoii  moan  valiu's  and  assiH  iat('d  svimiotrit  '^0  pi'rii'nt  lOntuU'iuo 
limits  too  tho  initial  radiation  doso  art'  -Itlii  ■ .'.’P  mrt'm  tor  total 
fcot'-iii'air  doso  and  MO  • lb  mrom  tor  t ito  film  iHutno  oonuaW'iii. 

b.3  lOTAl  IXPOSUlll 

riu'  total  froo-in-air  dost'  t'st  imato  tor  Task  Ii'ik'  WAKKU'K 
is  d70  ' :'70  mrom.  dotorminod  from  stmimitui  tho  al'i'Vt'  initial  dost'  ot 
•180  ' c'1’0  mrom  aiui  ttu'  rosidual  oimt  r ihnt  ii'ii  I'l  'I'tO  ■ loO  mrt'm  talin- 
latod  in  Soot  ion  h.l.  Iho  film  I'.ul'io  oiiiiivalont  . tioto'-miin'd  in  nart 
hv  tho  oonvorsion  tattoo  of  .'0  tor  rosidual  oamma  radiation  vdi'-t  nsst'd 
in  Soot  ion  o and  Appoiulio  111),  is  -ItSO  ■ lot'  mrom. 
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I UM  BAHr.l  nOSlMfTR> 

t'.l  [ \POSUR[  CORRI  CTIONS  TO  fllfl  BAnOt  TQU  IVALLNll 

ri-,u)i  t ional  1 V . film  txuUio  roadiiiys  lune  hoon  assumod  to 
i\Ovirly  approsimato  whole  body  radiation  exposures.  More  specif  Kally. 
a film  hadoe  worfi  oti  the  front  of  the  upper  body  had  been  assumed  to 
indicate  a 5 cm  depth  dose  to  the  wearer;  that  is.  the  body  shielding 
of  radiation  from  the  rear  is  offset  by  the  lack  of  body  shieldino  of 
radiation  from  in  front  ot  the  wearer.  Because  of  the  potential  impor- 
tance of  all  traditional  assumptions,  the  above  ai'proximations  were 
analysed  specifically  for  the  SflOK>  study.  The  results  of  the  analysis 
are  provided  in  Appendix  III. 

The  residual  radiation  intensities  calculated  in  Sections  •l.J 
and  5.1  are  ijiven  in  tenns  of  rem.  a measure  of  free-field  tissue  dose. 
The  exposures  so  obtained,  therefore,  cannot  be  compared  directly 
to  film  badue  readinqs  where  body  shieldino  affects  the  exposure  recorded 
by  the  wearer's  film  badoe.  A correction  factor  of  0.70.  obtained  from 
Appendix  III.  is  applied  to  the  calculated  vioses  to  permit  direct 
comparison  with  film  badoe  readinqs. 

for  the  initial  radiation  intensities  calculated  in  Section 
there  is  no  oenerally  appl  icable  correction  factor.  An  indei'eiulent 
calculation  of  film  badcie  equivalent  was  required.  Hie  ratio  of  dose 
to  its  tilm  badoe  equivalent  is  dependent  on  the  neut ronoamma 
ratio,  anisotropy  of  the  radiation  field,  and  oeometry  ot  the  body-in- 
trench cent  iqurat  ion.  As  mentioned  in  Section  .T.J.  the  film  badoe  is 
very  insensitive  to  neutrons. 

b.i’  I II  M RAlKll  DATA 

The  data  set  for  Task  force  WARRIOR  was  obtaiin'd  by  diroct 
examination  of  the  I exinoton-Bluc'  Brass  Army  Pepot  film  badoe  >eco>‘ds. 

Not  only  was  a complete  and  accurate  set  obtained  therein,  but  a citiial 
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evalulUion  of  tho  data  was  also  afforded.  Some  difficulties  were  noted 
111  categorizat ion  of  the  film  badge  records,  for  22  badges  which  were 
lost,  an  "integrated  reading"  was  assigned  as  a dose,  it  appears  that 
these  doses  were  assigned  on  some  basis  other  than  the  task  force 
averaoe  for  tlie  badge  period,  for  they  almost  invariably  exceed  it 
substantial ly . Conseguent ly . these  doses  were  disregarded  in  ttie 
statistical  analysis.  Another  incongruity  among  the  film  badges  was 
the  lack  of  a uniform  badge  period.  Only  eguivalent  badge  periods 
warranted  direct  comparison  of  the  readings.  Some  task  force  subgroups 
had  differing  periods  generally,  and  several  individuals  had  anomalous 
badge  periods,  sometimes  including  overlaps,  for  such  reasons  as  late 
arrival  at  Camp  Desert  Rock  or  early  departure  tiierefrom,  a lost 
previous  badge,  a suspected  significant  exposure,  and  absence  during 
regular  film  badge  exchanges. 

Most  of  the  bO.l  individuals  in  Task  I orce  WARRIOR  were  issued 
two  film  badges.  The  predominant  periods  were  from  Jb  or  ;'P  July  to 
27  August  IDS'  and  from  27  August  to  2 .September  lab?.  Subgroups  with 
differing  intervals  were  task  force  headguarters  personnel  t.'4  July  to 
1-1  August  and  M August  to  2 September)  and  the  Canadian  platoon  (Jb  July 
to  20  August  and  20  August  to  2 September).  In  all  cases,  the  second 
period  included  SMOk) . flore  than  00  percent  of  the  periods  shown  on 
the  film  badge  records  correspond  to  one  of  the  above  periods. 

As  discussed  in  Section  4. 2,  the  dose  estimates  for  Task 
Force  WARRIOR  were  made  assuming  no  distinction  among  ttie  subolements 
(such  as  platoons).  Other  than  as  noted  above,  the  film  badge  records 
do  not  contain  subelement  affiliation,  and  at  this  time  there  appears 
to  be  no  means  to  identify  such  affiliation.  The  film  badge  data 
therefore  are  presented  as  a single  group  within  a iiarticular  badge 
period.  It  is  apparent  from  the  distribution  of  readings,  however, 
that  distinct  components  may  bo  present. 


bvR 


Stiowii  in  i iiuii'o  l.i  is  a two-dinu'nsional  ('lot  for  thoso  cases 
iiaviiuj  records  for  at  least  one  of  the  predominant  periods  (endinn  or 
start  inn  on  27  Auniist).  The  first  row  and  column  of  the  plot  corres- 
pond to  cero  readituis  and  disqualified  film  badges.  Ttie  ceroes  include 
ttiose  readiiuis  which  are  not  above  the  film  badoe  threstiold  (about  Tb 
mrem).  nis<|ual  i f ied  r'ecords  include  those  badges  described  as  blank, 
lost,  not  turned  in.  light  sti'uck.  damaged,  oi'  opened.  Pad-'es  not 
closely  corresponding  to  the  other  period  fall  into  this  nroup  as 
welt.  Two  clusters  are  evident  in  this  plot.  Their  statistical 
characteristics  ai'e  as  follows: 


No.  of 

Mean’'  and 

Standard 

Oeviation  of 

Readings 

Cluster  Cases 

C5  July  - 

27  Auo. 

J7  Aug. 

- J Sept 

1 .IS  7 

150 

1S5 

1 uO 

CO 

405  ♦ 

1.10 

1140 

♦ 150 

■'  In  determining  the  mean,  anv  case  with  a disqualified  badoe  or  a sub- 
ttireshold  readitui  was  disregarded. 

Figure  14  depicts  tiie  distribution  of  I'eadings  for  each  pei’iod 
separately.  The  figure  clearly  shows  that,  for  the  majority  of  cases, 
the  first  period  readings  wei'e  usually  about  double  those  for  the 
secotui  period  covering  the  StlOkY  maneuvers.  There  are  exceptions  to 
ttiis.  the  iiMSt  prominent  of  which  is  the  clustei'  of  20  cases  reterred 
to  above  for  which  the  second  period  reading  was  about  three  times 
the  first  period  reading. 

b..l  INTFRPRFTATION  01  F U M OAnOF  DATA 

Several  coticl  us  iotis  can  be  drawn  from  tlie  film  badoe  data 
i tulependent ly  of  a quantitative  comparison  with  exposure  estimates. 

The  presence  or  absence  of  accrued  doses  in  various  film  badge  periods 
can  help  suppleimnit  the  knowledge  of  what  activities  transpired  in 
Yucca  flat,  rurthenix-'re . the  distribution  of  readings  permits  infe'-- 
rences  to  be  drawn  concernino  tlie  uniformity  of  troop  movements. 
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(owi): 


f\';jre  13.  Cross  Plot  of  fill.  Badoe  Peadinas,  B/  Period  of  Issue  (for  badoes 
corresoondinn  to  at  l^ast  on^  of  ‘he  above  periods) 


Nunber  of  Readinns  'Junber  of  Peadinos 


120  - 

105  - 

90  - 

75  - 

60  - 

J5 

30 
15  h 


25  July  - 27  August  H 


Total  number  = 523 


one  reading 
of  1040 


j L 


210 


0. 

or 

L isq. 


180  - 

150  - 

120 


90 


60 


30 


0. 

or 

Disqual i fi ed 


200 


400 


600 


800 


1000 


27  August  - 2 September 


Total  Number  = 502 


22  readings  over  800 


200  400  600  800 

Film  Radge  Reading  (mrem) 


1000 


Figure  14.  Distribution  of  Film  Radge 
Readings  for  Each  Period 
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The  ahsence  of  qammd  doses  for  an  appceciablo  mimmitv  ot 
Force  WARRIOR  troops  is  inconsistent  with  the  recorO  of  events  on  the 
day  of  Shot  SMOKY.  For  the  main  body  o*'  troops  (who  exchanned  badoes 
27  Auqust).  only  3 had  zero  or  sobthreshol d film  badqe  readinqs  fo'  the 
first  period,  whereas  89  did  tor  the  second  period.  Apparently  these 
89  neither  observed  SMOKY  from  tlie  location  specified  in  Plan  8 
(Reference  -11  nor  participated  in  the  subsequetit  airlift  exercise,  tor 
in  either  event  qamma  radiation  would  have  been  measured.  The  ptiotci- 
qraphic  evidence  demonstrates  that  the  remaininq  task  force  personnel 
may  have  witnessed  SMOKY  from  (Yews  Mob,  where  no  measurable  radiation 
was  present.  In  t inure  IS,  the  riohtmost  of  the  fiine  trc7ops  shown 
"obsei-vino"  Shot  SMOKY  from  Mews  Nob  was  identified  by  the  Army  as  Pf  C 
McGinnis  of  Task  Force  WARRIOR.  Unfort una tely , his  film  badqe  is 
reported  to  have  been  lost,  so  verification  from  his  film  badoe  readinq 
is  impossible.  The  troops'  evident  lack  ot  field  near  suqqests  that 
they  did  not  plan  to  later  join  the  SMOKY  exercise. 

A comparison  of  film  badqe  readinos  from  different  overlappinn 
periods  is  useful  in  temporal  resolution  ot  the  doses  that  were  accrued. 
Ttiree  qroups  that  permit  such  resolution  are  the  tanadian  platoon,  the 
task  force  iieadquarters  personnel,  and  the  main  body  ot  troops.  All 
received  their  first  film  badqes  in  late  vUily  (the  exact  date  is  not 
important),  and  all  turned  in  badqes  on  2 September.  Assuminq  that  the 
personnel  in  each  qroup  performed  the  same  activities  (which  appears  to 
be  true  owing  to  similar  total  dose  levels),  the  various  badqe  exchanoe 
dates  permit  sub-period  information  to  be  extracted.  In  tlie  chai t below, 
the  statistical  information  for  each  uroup  is  presented,  dis>'epardinq 
outliers  which  will  be  discussed  later. 
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Oroui' 

Per  i Oil 

Number^  of  Cases 

M<>an  (mn 

Standard 
>m)  Deviation 

St  and.iird 
1 rror 

rta  i n 

befoie  27  Aup 

4/8 

30? 

151 

7 

Canad i an 

before  20  Ann 

38 

2/1 

106 

17 

Hn 

before  14  Aui) 

28 

250 

150 

20 

Ma  i n 

after  27  Aui| 

387 

186 

50 

3 

Canadian 

alter  20  Ann 

3;i 

338 

53 

n 

IlM 

after  14  Auq 

lb 

3bb 

;«i 

22 

Any  two  ofoui's  m,iy  tu'  conii'.irtHl  hv  d i f toronc  itio  both  thoir  badno 
poriods  and  roadinns.  Iwo  values  of  not  dose  result  tor  a sub-neriod  so 
deteniiined  (unless  t be  total  doses  are  identical),  lor  exam|ile,  a com- 
parison of  the  main  and  Canadian  uroiips  indicates  that  for  the  period 
;’f)  to  27  Aupust.  the  (lose  differences  are  l?l  ’ (standard  error,  or 
standard  deviation  of  the  mean)  mrem  and  lb?  • mrem.  Similar  analysis 
for  all  pairs  of  qroups  provides  the  followitui  infoniiat  ion : 

Mean  Hose  and  Standiird  1 rror 

PcM-iod  t'yJ  Af)p.-ox_.  Net  Mean  Hose  (mrem) 


20-27 

Ann 

121  ' 

18, 

152  ■ 

0 

140  • 

20 

14-20 

Aun 

21 

1.  34, 

27  - 

24 

25  • 

3t) 

14-2  7 

Au(j 

142  ' 

' 30, 

170  . 

2? 

165  ■ 

35 

Between  14  and  20  Auuust  , as  seen  above,  it  is  tiot  ct'rtain  that 
lask  1 orce  WARRIOB  received  any  dose.  Any  possible  dose  would  liave  been 
small.  Hocumenta  t ion  of  lasf  I orce  I/ARKIOR  acfiv'iti('S  does  not  indicate 
any  t)'ainin<)  in  areas  cimtaminated  with  residual  uaiuna  radiation,  lor 
the  week  ot  ?(1  to  27  Ainiust,  the  inte)red  140  • 20  mn'iti  tilm  badne  dose 
is  clear  indication  of  a task  fo)  ^.e  activity  in  the  torward  aiea.  On 
the  2.1rd,  it  is  known  that  lask  iorce  WARRIOR  oliserved  Shot  OOPPl  1 R from 
trenches.  No  other  dose-yieldiiui  activity  for  the  task  force  is  reported 
for  lliat  week.  Two  visit  in<i  neneral  officers  witti  tilm  badne  periods  ot 
22  to  2.1  AuousI  and  1"  to  2.1  Auoust  bait  readinns  of  110  and  ISb  mrem. 
resiiect  i vely . Observation  iif  llOI'l’l  I R from  the  treticfu's  woiild  have  been 


tluMi'  nost  Imiual  ni  t lu’  torw.ii'.l  .mim  '■•I'vcn  M)Mii'rs  h.ut  a 

I I 111!  I'aitiii'  I'tM  iiKl  at  l-l  ti'  U'  Auau'.t'.  (livi-ii  Mial  n,>  .Iiim-  u,i'.  aii  i-iicil 
lu'twt’i'ii  ■ aiul  .U1  Aimu'.t  , tlii'ir  miMii  iti'M'  oi  It'A  .vi  i 'iiipai  i".  well 
with  Iht'  \aliit'  li>r  M to  Atniusl  ol'tanu\l  aln'M'  from  laroor  ••amplo 

•.pai  c's . 

U**  t \ Im  Iwitao  va'vios  Uia(  van  In'  a-o-vn  lal  ovl  wi'h 

Miiallor  t Hill'  i ii  I orva  !•.  atui  thus  iiioro  likoh  with  •.  iiuilo  ovoii' i '.os  . . 
iiioro  ili'la  ill'll  I oiiipai  i '.on  will  ho  po'-sil'lo  holwoi'n  I'^poMiro  i".timali's 
aiiil  film  bailin'  ro.ul i iur> . 

(' . i . I Oil  I I 1 1'f'. 

Ilio  piitiitpal  ili'part  iiro  t roiii  Iho  iiiaiii  liliii  hailno  vl  i ••  I r i hut  loio. 
ol  la'. k I oroo  WAiiKIOli  is  Iho  oroiip  of  .'0  I roop'.  who  roioivoil  holwooii 

.'too  .nut  M0li  1111-0111  ilui'iiii]  tho  porioil  ’ AiMiist  to  SopI oiiihor.  \ol 

oiih  .110  ttioir  ilo'.i".  l.ir  .ihovo  .ill  ro.ivliinr.  iii  tho  iiviiii  0 1 u I r i but  ion . 
but  ro.i'.oii.ib  I V '.iiiiil.ir  .1-.  woll.  Iho  '.poi  I rum  ot  tho  r. nil. it  ion  is 
Miiijl.ir  lor  .1 1 1 ,'0  lilm  b.iilnos.  .is  iiuiiioit  b\  siinil.ir  .it  tonu.it  ion  ratu" 

bolwoon  p.i  i IS  ol  liltoroil  olomonis  ol  I lio  iiliii  b.uliio  ilo-.oiiboil  in 

Appoiiilix  111.  lh.it  .ill  bol.i  r. nil, It  ion  ilosos  in  this  uroup  .no  sninl.ir 
^iitulor  100  iiiroiiil  is  oviilonoo  ol  Iho  spootr.il  s im  1 1 .ir  i t \ . 

I rom  Iho  ,ibo\o.  it  m.n  bo  pro'.umoil  lli.it  Iho  uroup  ol  .'0  w.is 
iinlooil  louollior.  It  tho  hiuh  .loso  w.is.  .is  prosumoil . .n  i uiiiul.it  oO  on 
Iho  il.u  ol  SM0k>  . it  lollow'.  th.il  Iho  uroup  wouKI  h.ivo  boon  i losor  to 

^M0KV  0,'  I h.in  Iho  l.i-.k  toroo  .o.  ,i  wliolo.  Nowhoro  olso  on  si  Auuust 

lOulil  Iho  .'iil(l  to  M(10  iiiroiii  iloso  lo\ol  h.uo  boon  .nhio\oil  unloss  iho 
uroup  w.is  sub, loi  toil  lo  tho  r. nii.it  ion  t lolil  oi  ''MOk^  ilsolt.  It 
I mil  it  bo  post  111. Ill'll  troiii  tho  I i Ini  b.nluo  oviiioiuo.  touothor  with  (ho 
'.Iriuliiro  ol  till'  uroup  ^ono  II.  ono  M Sul.  ono  Slf,  lUio  Sut  . nno  I'l'l  . 
.Hill  lb  olhor  IM^  Iti.il  .1  pl.iloon  soot  ion.  or  liko  p.itrol  or  la-.k  uroup. 
ooiilil  li.ivo  proi  ooiloil  iliio  o.i'.t  I roiii  I lio  ob.ioili\o  .iro.i  low.iiil  Siiiokv  Hill 
.iinl  tho  I'll. Iso  1 positions  iii'.lo.nl  ol  .is',.hi  1 1 iiiu  iju.irl.’ito  Itiiluo  to  tho 
nor  I ho.H.  I . Wholhor  suoti  .in  ovoiir.ion  w.o.  b\  ovorsiuht  or  ilosiun  is 


ininat er i a 1 . In  eitfii'r  cast',  it  is  iiiHlociimt'nt od . The  i'\cu»‘sion  would 
explain,  however,  why  the  assault  was  ttalted  due  to  rad-;,al'e  cinisiiU'c- 
ations,  presumably  at  thi'  blHI  mr/hr  level.  An  examination  ti'f  Ifie  SMi'Kt 
residual  contamination  contours  would  sup()ort  tliis  hvpot  ties  i s--t  he 
(jroup  would  have  halted  short  ot  Smokv  Hill  near  the  I’hase  1 defensivt' 
positions,  havinq  proceeded  less  ttian  two  miles  in  about  -lb  minutt's. 
Alfhougli  halted,  they  could  have  remained  in  the  vicinity  ot  the  btUl 
inr/hr  line  until  exercise  termination  at  094b,  ins(H'Ctinu  the  post-shot 
damage  to  the  detensive  positions  t liey  had  prt'pared  more  than  two  weeks 
previously.  If  they  had  adhered  to  the  500  mr  hr  limit,  had  not 
encountered  any  hot  spots,  and  had  departed  prompt Iv  at  exeicise  termin 
at  ion,  their  total  dose  from  this  excursion  would  have  been  about 
300  mrem.  Ihey  may  have  encountered  hot  spots,  however.  It  is  aKo 
possible  that  they  ventured  toward  the  close-in  positions  where  intensi 
ties  were  greater,  or  stayed  long  enough  to  view  all  the  positions. 
Given  the  uncertainties  of  this  excursion,  doses  on  the  order  of 
1000  mrem  cannot  be  ruled  out. 

There  are  also  individual  outliers  that  deserve  mention,  thie 
dose  of  2500  mrem.  accrueil  between  27  August  and  2 September,  was  accom 
(lanied  by  a beta  reading  of  2b00  mrem.  Aiu'ther  gamma  dose  ot  .'tlitO  mrem 
during  the  same  period  was  accompanied  by  '’20  mrem  beta.  Verv  tew  film 
badcies  tor  Task  lorce  WARKIOK  had  these  large  bet.i/gamma  ratios.  As 
distinguished  from  the  group  of  .'0,  the  high  beta  readings  would  indi- 
cate that  the  film  badges  were  on  the  ground  for  considerable  periods, 
possibly  having  been  lost  during  the  SMOK'i  exercise  and  found  duriim 
the  subseguent  eguipment  recovery  on  1 September. 

Ihe  highest  single  reading  of  2740  mrem  was  obtained  between 
27  and  .10  August  by  a master  sergeant,  yet  no  kiu'wn  t root'  activity 
transpired  in  that  interval.  The  badge  record  was  initiallv  labeled 
"lost,"  then  altereii  to  record  the  dose.  It  is  likelv  that  this  badge 
had  indeed  been  left  for  a substantial  time  in  a gaiuiia  field  I't  sc'iix' 
i nt  ens i t v . 


14  August  atut  2 Soi't ointu’r.  It  is  r<MsoiMhl(’  to  assuiiio  tiial  Ihoso  ituii- 
viduals  would  liavo  spout  oofis i d(>rab  1 o oxtra  t iiiio  in  tiu'  toiward  ai-oa. 
accouutiiu]  t'oi’  cons  idouahly  hiuht'o  dosi'S.  A tuw  other  t iH)ops  ti.id 
roadinqs  in  this  ranqo  on  siruilo  film  hadoos  trom  oarlv  August  to 
2 Soptomher.  Sinco  this  period  probahlv  encompassed  alnu'st  all  radio- 
logical activities  of  tlie  task  forct',  these  troops'  doses  mav  In' 
reiiarded  as  (i i gii-e verage . 

Some  (tualitative  account  may  be  given  to  t lie  spread  ot  | tu' 
film  badge  rt'adings.  In  addition  to  t lu'  apt'rovimatt’  Id  perciuit  inac- 
curacy of  individual  film  badges  (see  Appendix  111),  I tu'  data  spread 
is  influenced  by  the  distribution  of  troo('s  throughout  the  I'xi'rcisi' 
area  (as  discussed  in  Sections  2 .b  and  4.;’).  possible  incomplete 
attendance  by  troot'S  at  all  reheiirsals.  extra  activities  reguiriiui  tew 
personnel  (such  as  eipiipment  recovi'rv  and  I'hast'  1 i iispt'c t ion  1 . dittering 
arrival  t tines  (as  dticttmenf ed  tor  the  SfldkY  ext'rcisel.  and  loial  varia- 
tions in  the  residual  radiation  intensity. 
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Section  7 


CONCLUSIONS 


There  were  nine  shots  during  Operation  Plumbbob  which  could 
have  contributed  to  the  residual  radiation  exposure  of  Task  Force  WARRIOR 
and  related  units  which  participated  in  the  Infantry  Troop  Test  con- 
ducted in  conjunction  with  Shot  SMOKY.  Additionally,  Shot  DOPPLER 
contributed  an  initial  radiation  component  to  the  total.  Of  the  nine 
shots  with  possible  contribution  to  exposure  from  residual  radiation, 
four  were  of  little  or  no  significance.  The  other  five  contributed  in 
varying  degrees  to  the  total  exposure,  as  shown  in  Table  2.  It  should 
be  noted  that  Shot  SMOKY  contributed  little  if  any  dose  to  the 
troop  units  discussed.  It  is  apparent  from  the  GALILEO  report  (Refer- 
ence 23),  however,  that  the  SMOKY  fallout  was  a major  contributor  to 
the  radiation  exposure  of  Task  Force  BIG  BANG  in  conjunction  with  the 
HumRRO  troop  test.  The  discussion  of  this  activity  and  the  exposure 
associated  therewith  is  contained  in  the  GALILEO  report  (to  be  published). 

A comparison  of  the  film  badge  readings  with  the  calculated 
dose  for  Task  Force  WARRIOR  is  made  by  applying  the  correction 
factor  of  0.70,  obtained  in  Section  6.1,  to  the  doses  calculated 
in  Sections  4.2  and  5.1.  This  adjustment  yields  a total  film  badge 
equivalent  value  of  340  mrem  from  residual  radiation.  To  this  value, 
the  calculated  and  adjusted  initial  contribution  from  DOPPLER  (about 
140  mrem)  is  added,  yielding  a total  of  480  mrem.  This  is  comparable 
to  the  combined  mean  reading  of  575  mrem  obtained  from  the  film  badges. 

Except  for  the  group  of  20  (discussed  in  Section  6.3),  the 
calculated  (and  adjusted)  doses  correlate  reasonably  well  with  the 
two  primary  film  badge  issue  periods.  For  the  first  period,  up  to 
27  August,  the  calculated  dose  of  330  mrem  is  adjusted  to  230  mrem, 
to  which  the  DOPPLER  contribution  is  again  added  for  a total  of  370  mrem. 
This  compares  to  the  first  period  mean  film  badge  reading  of  390  mrem. 

For  the  second  period,  the  calculated  dose,  after  adjustment  to  film 
badge  equivalence,  is  110  mrem,  which  compares  to  the  mean  film  badge 
reading  of  185  mrem. 
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Table  3 summarizes  free-in-air  doses  and  inferred  film 
badge  exposure-equivalent  values,  and  lists  film  badge  readings  for 
comparison.  The  data  result  from  all  efforts  to  reconcile  the  avail- 
able information  on  the  history  and  magnitude  of  test  personnel  radia- 
tion exposure.  It  is  evident  the  data  indicate  that  film  badge  records 
compare  well  with  equivalent  values  inferred  from  radiation  field 
measurements  and  troop  movement  records.  The  mean  total  film  badge 
reading  is  within  the  90  percent  confidence  limits  of  the  adjusted  total 
dose  estimate. 

In  the  same  manner  that  film  badge  readings  were  compared  to 
the  adjusted  dose  estimates,  a reasonable  upper  limit  of  troop 
exposure  is  deduced  and  compared  to  the  highest  film  badge  readings. 

For  this  purpose,  mean  dose  values  ascribed  to  various  events 
are  considered  correct,  but  the  distribution  of  position  and  stay  time 
among  the  troops  causes  calculable  exposure  variation.  The  former,  as 
discussed  in  Section  5.1,  permits  the  estimated  residual  dose  to  be 
as  much  as  600  mrem.  Stay  times  might  have  been  as  much  as  25  percent 
higher  than  the  mean  for  some  troops  because  of  extended  arrival  and 
departure  intervals,  especially  when  helicopters  were  used.  Those  few 
troops  participating  in  the  equipment  recovery  and  post-shot  inspection 
of  Phase  I defensive  positions  would  have  accrued  180  mrem  more  than  the 
task  force  as  a whole  (see  Table  2).  Thus,  some  individuals  could  have 
been  exposed  to  930  mrem  (650  mrem  film  badge  equivalent)  of  residual 
radiation. 

The  initial  radiation  dose  from  Shot  DOPPLER  may  have  been  con- 
siderably greater  than  the  mean  in  some  cases.  The  following  might  rep- 
resent an  extreme:  a soldier  misestimates  his  depth  in  the  trench  so 
that  his  head,  which  is  bent  over  a nearly  erect  torso,  is  only  1 foot 
below  surface  level.  His  film  badge,  worn  on  his  collar  (as  some 
personnel  did)  and  essentially  unshielded,  is  at  about  the  same  1 foot 
depth.  This  individual  would  have  accrued  about  400  mrem  on  his  film 
badge.  The  free-in-air  dose  at  mid-torso  depth  would  have  been 
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about  bOO  mtom  (inchuting  noutrous).  which.  1 i ko  ttiis  iiulividual 's 
inid-toi'so  position,  would  havo  booi\  tioan  tho  moan.  If  this  individual 
wore  in  tho  fount  foonoh  oathoo  than  tho  iniddlo  toonch.  his  doso 
would  havo  boon  1.1  poocont  qooatoo  for  (lamma  and  .’b  f'oooont  oooatoo  too 
nout  oons . 

I'ombinino  oosidual  and  initial  do^os.  t.lia  ..ppoo  limiL  ot 
doso  is  ostimatod  to  liavo  boon  ddO  + bOO  ■ 15.10  mi'om.  with  a film 
badqo  oquivalont  of  b50  t 450  1100  moom.  If  tho  oooup  ot  00  and 

tho  thooo  outlioos  oscoodiiui  2000  moom  (discussod  in  Soot  ion  o..l)  aoo 
oxcludod  duo  to  ovidont  incompatibility  with  tiio  tooop  movomonts  as 
known,  tho  tilm  I'aduo  oquivalont  ot  tho  uppoo  ovposuoo  limit  comiiaoos 
favooably  with  tho  hiohost  combinod  film  badqo  ooadimis  too  an.v  indi- 
vidual (12.15  moom;  lO^H'  moom  is  no\t  hiqhostl. 
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APPENDIX  I 


FALLOUT  PLOTS 


Because  the  radiation  dose  accrued  by  individuals  at  the  Nevada 
Test  Site  in  1957  was  caused,  to  a significant  extent,  by  the  exposure 
to  fallout  from  several  shots,  it  is  imperative  that  all  Plumbbob  shots 
be  examined  and,  where  appropriate,  the  fallout  plotted.  Table  I-l 
lists  the  shots  that  were  examined  and  identifies  those  for  which 
fallout  plots  are  produced  in  the  figures  following.  For  those  not 
plotted,  the  reason  is  primarily  that  the  height  of  burst  was  suffi- 
cient for  that  yield  to  reduce  local  fallout,  beyond  the  immediate 
area  around  ground  zero,  to  insignificant  levels.  This  is  verified 
through  inspection  of  post-shot  rad-safe  surveys  by  Reynolds  Electrical 
Engineering  Company  (REECO)  and  the  Civil  Effects  Test  Group  (CETG), 
Program  37  (References  1 and  11). 

The  fallout  plots  shown  in  Figures  I-l  through  1-9  were 
derived  from  the  information  contained  in  the  above  references.  Plots 
of  actual  radiation  levels,  measured  at  specific  times  after  each 
shot,  were  normalized  to  H+12  hours  by  using  the  decay  schemes  described 
in  Appendix  II.  A single  composite  fallout  plot  was  obtained  from  the 
survey  data  through  averaging  the  normalized  values.  The  REECO  dose 
rate  plots  were  not  used  in  their  entirety;  only  actual  data  points 
were  considered  (where  the  REECO  iso-intensity  contours  intersect 
roads).  Because  the  roads  depicted  in  the  REECO  plots  were  suffi- 
ciently straight,  sets  of  collinear  data  values  were  obtained  which 
could  be  processed  mathematically. 

Because  dose  rates  tended  to  vary  exponentially  with  distance, 
the  data  were  fit  to  an  exponential  form.  The  simplest,  after  taking 

logarithms,  is 

log  D = ax  + b 
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TABLE  I-l 


OPERATION  PLUMBBOB  FALLOUT  DETERHINATIOH 
?8  MAY  TO  2 SEPTEMBER  1957 


SjlOT 

YIELD 

DAXE  A-TIME 

BU£SX_HiJXHI 

ARE_A_ 

COORD 

FALLOUT 

BOLTZMANN 

12KT 

28  May.  0455 

500'  Tower 

7 

867056 

Fig. 

I-l 

FRANKLIN 

MOT 

2 Jun,  0455 

300'  Tower 

3 

870004 

Fig. 

1-2 

LASSEN 

.5T 

5 Jun,  0455 

500'  Balloon 

9b 

852100 

Insig, 

WILSON 

lOKT 

18  Jun,  0455 

500'  Balloon 

9b 

852100 

Fig. 

1-3 

PRISCILLA 

37KT 

24  Jun,  0630 

700'  Balloon 

FF 

956729 

Offsite  East 

HOOD 

74KT 

5 Jul,  0440 

1500'  Balloon 

9b 

852100 

Insig. 

DIABLO 

MKT 

15  Jul,  0430 

500'  Tower 

2b 

792118 

Fig. 

1-4 

KEPLER 

lOKT 

24  Jul , 0450 

500'  Tower 

4 

797057 

Fig. 

1-5 

OWENS 

9.7KT 

25  Jul , 0630 

500'  Balloon 

9b 

852100 

Insig. 

PASCAL  "A" 

S(N) 

26  Jul,  0100 

Underground 

3j 

858009 

Fig. 

1-6 

STOKES 

MKT 

7 Aug,  0525 

1500'  Balloon 

7b 

867047 

Insig. 

SHASTA 

MKT 

18  Aug,  0500 

500'  Tower 

2a 

794093 

Fig. 

1-7 

DOPPLER 

IIKT 

23  Aug,  0530 

1500'  Balloon 

7b 

867047 

Insig. 

FRANKLIN 

PRIME 

4.7KT 

30  Aug,  0540 

750'  Balloon 

7b 

867047 

Eig. 

1-8 

SMOKY 

44KT 

31  Aug,  0530 

700'  Tower 

8(2c) 

828159 

Fig. 

1-9 

S{N)  - Safety 

shot  with 

some  nuclear 

yield 

A least  squares  linear  reqression  was  performed  on  loq  D.  The  locations 
of  D=10,  100,  and  1000  mr/hr  were  obtained  accordinq  to  the  fit.  Usually, 
the  data,  when  normalized  to  H+12,  spanned  these  values.  If  not,  no 
extrapolation  was  performed. 

The  log-linear  fit  is  clearly  inappropriate  across  GZ  or  the 
hot  line.  A higher  order  fit,  akin  to  a Gaussian,  was  tr-ied  'n  order 
to  permit  a functional  maximum: 

7 

log  0 = ax  + bx  + c 

While  this  form  was  useful  in  obtaining  gamma  intensity  on  hot  lines,  it 
underestimated  GZ  values.  When  used  on  data  not  crossing  GZ,  there 
was  a tendency  toward  unrestrained  exponential  growth  (i.e.,  positive  d), 
just  as  for  the  log-linear  fit.  So  long  as  the  data  lines  did 
not  cross  GZ  or  the  hot  line,  the  difference  in  10,  100,  and  1000  mr/hr 
locations  from  the  first  order  to  second  order  fit  was  well  within  the 
standard  deviation  of  the  data.  For  these  reasons,  the  log-linear  fit 
was  used  to  construct  composite  plots. 

The  consistency  of  the  data  was  assessed  from  log  D(x).  The 
standard  deviation,  a,  of  log  D from  the  best  linear  fit  was  computed 
along  all  lines  used.  A markedly  similar  scatter  in  the  data  was  observed 
not  only  from  line  to  line,  but  also  from  shot  to  shot.  For  all  lines 
used  on  all  plots,  the  et>'or  factor,  defined  as  lo^ , where  n 
is  the  number  of  data  points  along  a line,  averages  1.46.  Its  own  stan- 
dard deviation  is  0.05.  The  consistency  of  the  error  factor  supports 
the  disregarding  of  isolated  data  far  outside  reasonable  confidence  limits. 

Thus,  all  the  composite  plots  may  be  regarded  as  depicting  expo- 
sure along  the  roads  within  a factor  of  1.45.  with  90  percent  reliabil- 
ity. Where  the  contours  have  been  interpolated  between  roads,  the  error 
factor  would  be  slightly  greater.  The  on-site  composite  plots  were 
reasonably  consistent  with  the  off-site  surveys  from  Program  37  (Refer- 
ence n).  For  most  shots,  interpolation  was  necessary  in  the  gap  between 
the  composite  contours  obtained  from  on-site  surveys  and  off-site  surveys. 
In  those  cases,  azimuthal  consistency  as  well  as  magnitude  determined  the 
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overall  correlation.  Where  the  contours  have  been  interpolated  (dashed 
lines),  the  error  factor  qrows  considerably,  particularly  where  contours 
are  closely  spaced. 

In  general,  available  data  was  used  or  interpolated  for  all  areas 
of  interest.  One  obvious  exception  is  evident  for  SMOKY,  where  the  upwind 
radiation  intensity  is  crucial  to  determine  the  dose  received  by  Task 
Force  WARRIOR  and  supporting  elements  operating  in  the  upwind  area.  The 
steep  terrain  obviously  prevented  post-shot  ground  or  aerial  rad-safe 
surveys  immediately  upwind.  The  upwind  contours  were  therefore  estimated 
as  being  virtually  circular,  under  the  conservative  assumption  that  upwind 
fallout  would  have  carried  no  farther  from  ground  zero  than  crosswind  fall- 
out, particularly  in  the  face  of  rising  terrain.  In  this  case,  as  well  as 
others,  both  estimated  and  interpolated  contours  are  dotted. 

It  should  be  noted  that  the  fallout  plots  shown  in  the  figures  dif- 
fer from  earlier  estimates  of  fallout,  such  as  that  provided  by  the  DASA 
1251  report  (Reference  10).  Because  the  plots  are  all  derived  from  the 
same  data  (References  1 and  11),  some  explanation  for  the  difference  is 
in  order.  First,  presumed  actual  survey  points  along  roads  were  used  as 
data  points  rather  than  the  entire  sketched  contours.  Second,  DASA  1251 
ascribed  more  reliability  to  the  contours  than  could  have  possibly  existed. 
For  instance,  the  northwest  quadrant  of  SMOKY  fallout  should  be  considered 
highly  suspect  simply  on  the  basis  that  the  steep  terrain  would  have  pre- 
cluded surveys  in  that  area.  Third,  the  influence  of  previous  shots  on 
subsequent  surveys  was  apparently  not  considered  in  DASA  1251.  This  is 
particularly  evident  for  SMOKY,  where  the  RFECO  surveys  were  biased  by  the 
northerly  SHASTA  fallout  of  two  weeks  previous  and  DIABLO  fallout  of  seven 
weeks  previous.  Thus,  any  composite  SMOKY  fallout  plot,  using  REECO  data, 
would  reflect  nigher  intensities  on  the  western  side  than  actually  resulted 
from  shot  SMOKY  itself.  Finally,  the  DASA  1251  fallout  contours  were  nor- 
malized  (to  H+1)  using  a decay  rate  of  t ' . The  plots  contained  herein 
are  normalized  to  H+12  through  the  use  of  actual  shot  decay  rates  where 
available  from  Program  37.  Where  the  actual  data  are  not  available,  the 
composite  Plumbbob  decay  is  used.  In  either  case,  significant  variations 
from  the  traditional  t ‘ "rule"  are  evident.  This  is  discussed  in  Appen- 
dix II  where  actual  decay  rates  and  schemes  used  to  derive  the  composite 
plots  are  described  in  greater  detail. 
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APPENDIX  II 
FALLOUT  DECAY 


The  decay  of  fallout  contamination  was  examined  in  detail  for 
two  specific  reasons.  First,  the  rate  was  used  to  normalize  all  sur- 
vey data  to  H+12.  From  these  reduced  data,  the  fallout  plots  shown 
in  Appendix  I were  constructed.  Second,  precise  decay  rates  were 
needed  to  facilitate  evaluation  of  the  actual  intensity  of  each  fall- 
out field  at  various  times  after  the  shot  when  troop  units  were 
operating  therein. 


Several  decay  curves  were  examined,  particularly  the  actual 
decay  rates  for  specific  shots  as  measured  by  Program  37  (Reference 
11)  whenever  they  were  available.  For  the  other  shots  where  no  decay 
data  was  available,  the  Plumbbob  composite  decay,  as  compiled  by 


Program  37,  was  examined.  It  was  noted  that  these  decay  rates  vary 

.-1.2 


considerably  from  the  traditional  t'  "rule".  They  also  vary  from 
the  decay  rate  used  in  the  DELFIC  code  (DoD  Standard  fallout  model), 
which  determines  a composite  decay  from  the  decay  of  each  fission 
product.  While  DELFIC  agrees  quite  well  with  the  "rule",  it 

does  not  consider  the  case  of  tower  shots  where  substantial  amounts 
of  extraneous  material,  such  as  iron,  may  be  in  the  fireball. 


The  actual  decay  rates  were  used  for  Shots  BOLTZMANN,  DIABLO, 
SHASTA,  and  SMOKY.  These  are  shown  in  Tables  II-l  through  II-4. 

For  all  other  shots,  the  overall  Plumbbob  composite  decay  was  used, 
as  shown  in  Table  II-5. 


Although  the  differences  in  decay  rates  are  not  significant 

for  some  time  intervals,  it  should  be  noted  that  the  actual  decay 

- 1 2 

rates  are  generally  more  consistent  with  each  other  than  with  t ’ . 


^1 

i 

I 
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TABLE  II-1 


BOLTZMANN  FALLOUT  DECAY  | 

1 ' 


I 

i 


li 


H+  (hours) 

Decay  Rate,  x* 

"2 

Plumbbob  Composite 

2-3 

-0.65 

3-5 

-0.89 

5-8 

-1.00 

8-13 

-1.33 

13-900 

Plumbbob  Composite 

900-1400 

-1.17 

1400-4000 

-1.20 

as  used  in  the  expression, 

Source:  Reference  11 


Conversion  of  REECO  Survey  Data* to  H+12 


Survey 

H+ 

Factor 

Initial  (0551) 

0.927 

.030 

H+8  (1319) 

8.4 

.622 

D+1  (0648) 

25.9 

1.90 

D+3  (0550) 

72.9 

4.46 

D+7  (1352) 

177 

11.8 

* Reference  1 
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TABLE  II-2 
DIABLO  FALLOUT  DECAY 


H+  thours_) 

1-2 

2-5 

5- 6 

6- 15 
15-25 
25-30 
30-80 
80-180 

180-300 

300-400 

400-600 

600-2300 

* 

as  used  in  the  expression,  t'' 


Dec_ax  ^a  te  ^_x* 

Pluinhbob  Composite 
-1.30 
-1.71 
-1.13 
-0.50 
-2.38 

Plumbbob  Conposite 
-1.06 
-1.84 
-1.64 
-1.33 
-1.21 


Source:  Reference  11 


Conyerj  i oji PL  }P>yey  Da  Up  to  H+ 1 2 


Survey 

H+ 

Factor 

Initial  (0551) 

H+7  (Ills) 

1.35 

6.8 

.043 

.526 

1.87 

3.74 

5.^5 

7.33 

D+1  (0645) 

D+2  (0652) 

26.25 

50.4 

D+3  (0642) 

74.2 

0+4  (0755) 

99.4 

* Reference  1 


TABLE  II-3 


SHASTA  FALLOUT  DECAY 


H+  (hours ) 


Decay  Rate , x* 


■'3 

3-5 

5-8 

8-10 

10-70 

70-180 

180-400 

400-1500 

1500-3000 


Plumbbob  Composite 
-1.21 
-0.92 
-0.65 
-0.76 
-1 .21 
-1 .67 
-1.28 
-1.19 


as  used  in  the  expression,  t^ 


Source:  Reference  11 


Conversion  of 

REECO  Survey  Datcf  to 

H+12 

Survey 

H+ 

Factor 

Initial  (0740'; 

2.7 

0.21 

H+6  (1124) 

6.4 

0.61 

D+1  (0729) 

26.5 

1.83 

D+2  (0650) 

49.8 

2.95 

0+3  (0625) 

73.4 

4.05 

* Reference  1 
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TABLE  1 1-4 


I 


SMOKY  FALLOUT  DECAY  1 


H+  (hours) 

Decay  Rate,  x* 

3-6 

Plumbbob  Composite 

6-8 

-1.34 

8-19 

-0.74 

19-42 

-0.83 

42-85 

-0.95 

85-650 

Plumbbob  Composite** 

650-800 

-2.39 

800-900 

-1.23 

900-1400 

-1.00 

1400-3000 

-1.17 

as  used  in  the  expression,  t 
**The  reference  does  not  portray 

Plumbbob  Composite  decay 

this  interval. 

Source:  Reference  11 

Conversion 

of  REECO  Survey  Data*  to 

H+12 

Survey 

Hi 

Factor 

H+8  (1309) 

7.65 

.698 

D+1  (0628) 

24.97 

1.76 

D+3  (1415) 

80.75 

5.02 

D+5  (1318) 

127.8 

8.95 

* Reference  1 
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Fiiiur't*  II-l  is  a plot  of  tvu  h S()ocific  iloiay  foe  llio  shots  naiiioil, 
toofttior  witti  ttu>  [' I iiMil'tiol)  composite,  compaced  witti  the  traditional 
decay,  all  tiormaliyed  to  IIHl?  hours. 

Itiiis,  to  find  the  dost'  rati'  at  a time  HM,  iiiveii  ttie  dost'  rate 

at  time  Ht-t  , tlio  followimi  expression  is  usi'd; 

0 


wtii'fi'  X is  tht'  slope  of  tlu'  dt'c.iy  curve,  ohtaint'il  from  lahlt's  11-1 
ttiroimh  ll-h,  for  sutcessivt'  time  inti'rvals.  In  ttiis  m.inra'r,  all 
rail  10 1 ot|  it  a 1 survt'v  data  wt'ri'  nimua  1 i .’t'd  to  HHi’  hours  to  aid  in  tlt'- 
riviiHi  ttit'  falloiit  plot-,  stiown  in  Appt'ndix  1.  I ht'  iso- i ntt'iisi  t y 
lontours  so  rt*t  on  . I rut  ti'd  wt'fi'  ttien  ust'd  tor  all  suhsi'i|ui'nt  analyst's 
ot  pi'fsonnt'l  exposures.  Iht'  .inalyst's  ri't|uirt'd  that  tht'  .utual  talliuit 
inteir.  i t It'S  he  dt't  t'rmi  lU'd  at  varioir.  time',  .itter  t'ai  h .hot  lor  spt'iitii 
t rottp  loiatioiis.  lat'le  11-t'  '.how'.  t lie  fat  tor*,  ust'd  in  tht'  analyses. 
Ttu'st'  t. It  tor',  wt'fi'  derivt'd  from  ttii'  aliovt'  i'X(irt",s i on  tt'  aiil  in  t on- 
vi'rt  ini|  tHU’  I nt  I'ns  i t I t'S  to  any  suhsoi|ut'nt  t iiiu'.  lor  prt'iisi'  t on- 
vt'rsions,  partiiularly  within  oni'  to  two  day-,  atti'r  a iiivt'ii  I'Vi'iit  . 
till'  ahi'Vi'  t'xprossion  stiould  hi'  ust'd. 


APPENDIX  III 


FILM  BADGE  DOSIMETRY 


X-ray  or  photographic  film,  after  exposure  to  ionizing  radiation, 
shows  an  increased  optical  density  upon  development.  The  sensitivity  of 
the  film  to  such  radiation  is  a function  of  the  exposure  intensity  up  to 
the  saturation  level  of  the  film.  Greater  intensities  serve  only  to 
reduce  the  developed  optical  density,  a process  called  solarization.  The 
degree  of  sensitivity  depends  on  radiation  type,  radiation  energy,  and 
film  type. 


Film  is  quite  sensitive  to  incident  electrons  and  photons  but 
essentially  insensitive  to  incident  neutrons.  Figure  III-l  shows  the 
response  to  saturation  of  DuPont  Type  502  film  for  three  different  inci- 
dent photon  energies.  It  is  possible  to  develop  a series  of  such  curves 
for  various  energies  and,  normalizing  to  the  response  of  a particular 
energy  radiation  (usually  that  of  Co  60  at  1.25  MeV),  obtain  the  rela- 
tionship of  film  response  to  an  exposure  in  roentgens  for  the  entire 
useful  photon  spectrum.  This  relationship  is  not  unique  but  is  instead 
an  envelope  of  values,  since  the  shape  of  the  film  sensitivity  curve  is 
not  quite  the  same  for  all  energies.  The  film  response  to  roentgen 
exposure  as  a function  of  energy  is  given  in  Figure  III-2.  Note  that  the 
film  is  much  more  sensitive  than  the  roentgen  measure  to  photons  below 
a few  hundred  keV.  This  is  because  the  film  contains  higher  Z materials 
than  air  and,  thus,  possesses  a much  higher  photoelectric  cross  section. 
On  the  other  hand,  in  the  region  of  dominance  of  the  Comoton  cross 
section,  the  ratio  of  film  response  to  roentgen  response  is  at  or  near 
unity. 


Because  of  non-uniform  sensitivity  among  film  types,  film 
badges  usually  contain  two  or  more  film  types,  one  for  low  exposures,  one 
for  high  exposures,  and,  sometimes,  one  for  mid-range  exposures.  The 
exact  sensitivity  range  of  each  film  type  determines  the  quality  of  the 
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Exposure  (Roentgens) 


figure  III-l.  DuPont  Type  502  Film,  Typical  Response  Curves. 
(Reference  12 ) 
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readinq  in  the  region  of  overlap  betw.'en  film  types.  The  films  are  enclosed 
in  a paper  container  siniilar  to  that  used  for  dental  x-rays.  This  is  further 
contained  in  a thin  plastic  case,  usually  with  an  opening  on  one  side.  The 
badge  is  usually  worn  on  the  chest  with  the  opening  facing  away  from  the 
body. 

Because  of  the  film's  proclivity  to  over-respond  to  low-energy  pho- 
tons, a metallic  shield  is  usually  placed  on  the  outside  of  the  paper  con- 
tainer before  it  is  placed  in  the  plastic  case.  This  shield  is  so  thin  that 
it  has  little  effect  on  high  energy  photons  but  is  capable  of  making  a sub- 
stantial reduction  of  the  low-energy  photon  response  of  the  film  badge. 

'wo  types  of  badges  were  employed  durino  Operation  Plumbbob  and 
Exercise  Deser't  Rock  VII  and  VIII  (Reference  Ki);  one  by  Reynolds  Elec- 
trical Engineering  Co.  (REECO)  and  the  other  by  Lexington-Blue  Grass 
Army  Depot.  REECO  badnes  were  issued  to  military  and  civilian  scienti- 
fic teams,  and  to  AEC  and  AEC-contractor  personnel.  Lexington  badges 
wore  is''ued  to  Desert  Rock  units  participating  in  the  tests.  Both  badges 
were  based  on  the  DuPont  Type  559  film  pack,  the  low  and  high  dose  film 
components  of  which  were  Types  502  and  606,  respectively.  The  REECO  film 
pack  was  shielded  with  a lead  clip  of  dimensions  1/2  x 1 x 0.0283  in. 
thick,  covering  opposing  sides  (Reference  H) . Photon  exposure  was 
determined  from  film  density  recorded  under'  the  lead  clip. 

The  Lexington-Blue  Grass  Armiy  Depot  film  packet  was  pt'oduced  with 
four  regions  of  dosimetr'ic  interest  (Reference  15).  The  first  was  un- 
shielded; the  second  and  third  were  shielded  front  and  back  with  aluminum 
and  copper  disks  respectively,  each  9/16  in.  diameter  and  0.040  in.  thick; 
and  the  fourth  region  was  shielded  front  and  back  with  a lead-tin  laminate 
disk  9/16  in.  diameter  with  0.042  in.  Sn  and  0.012  in.  Pb,  the  lead  being 
closest  to  the  tiini.  In  the  complex  reading  scheme  used  by  Lexington, 
opacity  readings  from  the  four  regions  were  recast  as  ratios  to  one  of 
the  four.  By  simultaneous  analysis  of  these  ratios,  exposures  from  photons 
of  descending  energy  were  effectively  "peeled  off"  until  the  lowest  energy 
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x-favs  aiKl  beta  particles  .vere  acLOunted  U)r.  ]<\  dcneral,  tiie  iiiqhest 
density  filter  (Pb'Sn)  dontina'ed  the  ineasui  eisent  photons  in  the 
reoior'  above  JO  keV,  Tite  responst*  >ela'ivi‘  '(  Korn’  jen  exposure  ot' 
the  lead  shielded  low  ranoe  (Type  bOl')  • Mn  undei  the  >’b  Sn  shield  is 
shown  in  Tiqure  III-l. 

lach  batch  ot  rilm  was  calib*ated  separ.jrelv  to  establisn  density 
versus  exposure  in  a fully  assembled  badue  conf iouraf ion . Badoes  wC'e 
exposed  to  known  intensities  of  normally  incident  photons  from  Co  bO 
[\.2b  VeV)  and,  in  the  case  of  Lexinciton  Depot.  oNier  photon  enerqy 
soieces.  nevelopment  chemistry,  duration  and  temperature  used  to  pro- 
cess film  exposed  in  the  field  duplicated  that  used  in  the  calibration. 

Accordinq  to  Lexiruiton  Depot  (Reference  15),  the  probable 
accuracy  to  which  the  film  density  could  be  read  in  1957  was  about  50 
oercent  for  exnosures  near  the  density  crossover  of  the  low  and  hiqh 
range  film  components,  while  accuracy  as  qood  as  ten  percent  in  the 
low  density  ranoe  of  each  film  could  be  expected,  for  exposure  to  ganiiia 
radiation,  this  crossover  occurred  between  8 and  10  roentgens. 

According  to  REECO  (Reference  M).  during  the  period  from  I" 
January  1957  to  17  October  1951’.  the  process  used  for  the  analysis  of 
the  film  components  gave  an  exposure  ranqe  of  20  mr  to  10  r for  the 
Type  502  film  and  5 r and  up  for  the  Type  606.  REECO  agrees  with  the 
10  percent  reading  accuracy  given  by  Lexington  for  the  nonoverlap  reoion. 
but  asserts  that  any  reading  error  in  the  overlap  region  could  not  be 
greater  than  about  2 r,  or  between  20  and  40  percent. 

Film  badges  were  calibrated  by  exposure  to  normally  incident 
radiation  fi’om  known  sources  in  the  absence  of  the  body  mass  in  close 
proximity  to  which  they  are  normally  employed.  This  neglects  the  shield- 
ing pr'ovided  by  the  body  to  radiation  incident  over  approximately  half 
the  available  angles  of  approach  to  the  badge  (assuming  that  the  film 
badge  is  worn  on  the  chest)  and  the  contribution  from  backseat tered 
radiation  from  the  body.  Because  badge  shielding  brings  the  low  energy 
(30  - 300  KeV)  into  line  with  the  roentgen  response,  one  can  surmise 
that  the  dominant  effect  from  the  presence  of  the  body  would  be  that  of 
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shieldinq;  hence,  the  badqe  I'eadituj  would  indicate  a lowec  extKJSune 
than  the  f ree- i n-a i f tissue  dose  under  the  same  exposure  conditions. 

To  assess  tlie  in-situ  response  of  the  film  badcjes  of  interest, 
r-adiation  transport  calculations  were  performed  usinq  an  adjoint  llonte 
Carlo  technii|ue  (Refer'ence  22)  and  a man  phantom  model  previously  devel- 
oped for  Defense  Nuclear  Aqency  (Reference  16).  The  man  phantom  model 
represents  an  averaqe  Westerai  male,  5 ft  8-1/2  in.  in  height  and 
weiohinq  154  lbs.  In  this  technique  photons  are  started  in  a region  of 
inter'est  (in  this  case  the  film  badgel,  sampled  from  a given  energy 
distribut iotr  (the  bare  film  badqe  response),  and  followed  as  they  move 
backward  in  time  and  space  and  upward  in  energy  until  they  escape  the 
film  badge-phantom  region  entirely.  As  they  escape  they  are  tallied 
by  energy  and  angle.  The  result  is  a weighting  of  the  sample  response 
of  the  film  badge  due  to  the  presence  of  the  transport  medium,  the  man 
phar.  tom.  That  man  phantom  model  is  shown  in  Figure  1 1 1-4.  The  film 
badqe  was  not  modeled  explicitly  but  was  taken  to  be  a point  0.09  cm 
from  the  sur-face  of  the  chest,  20  cm  down  from  the  top  of  the  tor-so, 
and  10  cm  to  the  right  of  midline. 

The  results  of  the  radiation  transnort  calculations  are  shown 
below  for  the  Lexington  Blue  tlrass  Army  Depot  film  badges.  Response 
factors  are  given  for  the  photon  energy  bands  used  in  the  calculation. 

Film  Badge  In-Situ  Response/Roentoen  Exposure 
Normalized  to  Co  60  (1.25  MeV ) at  Normal  Incidence 

I ■ ^0  I .64  , .67  , .71  I .66  , .77  , .78  , .g  I 
.1  .15  .3  .45  .7  1.0  1.5  2.0  3.0 

"hoton  Energy  (MeV) 

These  results  apply  specifically  to  readings  from  the  low  range  film  at 
low  opacity  readings  (-0.5).  Such  readings  are  typical  of  those  recorded 
for  members  of  military  units  participating  in  the  Desert  Rock  VII-VIII 
exercise.  No  calculations  have  been  performed  on  the  REECO  confiouration . 
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